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SERIES 5091 MAGNETIC TAPE FORMAnER SYSTEMS 




• Selection of NRZ or phase-encoded formats with or without 
computer adapter interfaces and software 

• Availability of adapters for a wide range of mini-computers 

• Control of as many as eight 7- and/or 9-traclc tape units (four 
per formatter] 

• Oompatit>ility with computer software while handling seven- or 
nine-ti'acic, multiple-speed, multiple-density tapes 

• Expandability in the field simply by adding logic cards 

• Front-panel controls and indteators 

• Internal power supply adequate for any de^red configuration 

• DTIVTTL iC formatter logic to assure maximum compatibility 

• Availability of bianic circuit cards for "design your own" adapter 

• Etched circuitry for highest reliability 



The DATUM Series 5091 Magnetic Tape Formatters satisfy all requirements for tape- 
control in mini-computer installations. The result of years of mini-computer interface 
experience, the 5091 Series consists of controls, cabinet, chassis and power supply 
and the formatters and computer adapters for which they provide slide-in accommo- 
dation. Whether the need be for a Formatter, for a Formatter with provision for a 
user-designed Computer Adapter or for a complete Tape Controller, the DATUM 
Series 5091 will provide the ideal instrumentation. 

This modularly designed series generates and reads IBM-compatible NRZ and 
phase-encoded formats and, with the addition of a Computer Adapter, wilt control 
as many as eight magnetic tape units. If desired, off-the-shelf Computer Adapters 
and software are available that will accommodate 90% of the commercially-available 
mini-computers. 

The Series 5091 design concept, a product of DATUM'S wide experience in inter- 
facing with different mini-computers, permits a high degree of compatibility with 
the hardware/software designs of the various computer manufacturers and with 
existing user-developed software. When ordered with a Computer Adapter installed, 
the 5091 instrument thus becomes a Tape Controller system custom-designed, both 
in hardware and software, to the mini-computer with which it is to function. 



FRONT-PANEL CONTROLS AND INDICATORS 

TAPE UNIT SELECT switches allow any unit number (0, 1, 2. 3) to be assigned to 
any tape unit (A, B, C or D). IMOOE switch allows manual override control over parity 
and density selection for seven-track tape units in addition to standard program 
control. PARITY switch allows selection of ODD or EVEN parity. DENSITY switch 
allows selection of HIGH or LOW density. VISUAL INDICATORS display the tape 
unit, formatter, parity and density selected. 



EQUIPMENT CONFIGURATIONS 



The basic Series 5091 Controiler/Formatter will house and power three large circuit- 
cards. One card slot is required for NRZ fomiatting, two card slots are required by the 
Phase-Encoding Rsrniatter, and one card slot is necessary for the Computer Adapter. 
Therefore, two encfosures are necessary for some configuratk}n& 
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SPECIAL 'DESIGNED-BY-DATUM" FEATURES 



1. PROVEN HARDWARE AND SOFT- 
WARE. DATUM has delivered more 
than 150 complete computer-inter- 
faced systems that included computer 
adapters and software. Typical com- 
pu^rs interfaced are: 

Computer Automation 816; Data Gen- 
eral Nova: Digital Equipment Corp. 

pom. 8/e. S/L 8/L, 8, 9/U 11. 12, 15; 
^ ftWHtm-Paekam 2115. 2116; 

Honeywen H31 6, H41 6. H51 6. HI 24A; 
IBI« 1130; Microsystems 810; SDS/ 
XD&CE16. CF16; Varim 620/t. 

2. DESIGNED-IN SOFTWARE COMPAT- 
IBILITY. Multiple record spacing 
with one command; Single^mmand 



erase-then-write; Seven-track file- 
mark in nine-track mode control, BCD 
10-to-zero conversion control. 



3. PRORT BY OUR EXPERIENCE. If you 

win be desiring your own Computer 
Adapter, you wit] find that the features 
already designed into the DATUM For- 
rr»ttterwtH save you^s many as 25% of 
the chips you would normally require 
in your Computer Adapter. 

4^ FRONT PANEL INDICATORS, UNIT- 
SELECT SWITCHES AND PARITY/ 
DENSITY SWITCHES. 

5. NO ADJUSTMENT POTENTIOM- 
ETERS. NO ONE-SHOTS. 




5091 



NRZ FORMATTER 



CIRCUIT BOARD. 



^-^~^ff%^ ESSatTW^CVEflATIH^AND. l»ESiGH FEATURED 



SteCIAfe BUFFER RESISTERd in the Fbrmattar f^ Read and WHte make data 
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tfirectiort ^ - ^ >'%*^2^'*:^> 
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CONTINUOUS READ OR WRnrECAPABIiJIY {gapping "or^th^ provkied by 
^ ihecFbrniatter tG optimize data transfer rates. 




NO FREQUENCY ADJUSTMENTS ARE NECESSARY. Timing is referenced to a 
crystal-controlled oscillator followed by a divider chain that selects the desired fre- 
quencies. Any mixture of any two frequencies may be selected at the time 
of purchase. Since all delays are taken from this timing chain, no one-shots are used. 
No adjust-pots are used. 

READ, WRITE AND MOTION CONTROL LOGIC included in the Formatter. VRC. 
LRCC, CRCC generated by the NRZ Formatter. VRC and LRCC checked. FILE 
MARKS written and recognized by Formatter. 

SIMPLE TAPE UNIT EXPANSION in the field by adding additional tape units as they 
are needed. 

TIMING FOR IBM-COMPATIBLE INTER-BLOCK GAPS and correct head position- 
ing between records. 

SINGLE GAP (write/read) AND DUAL GAP (read after write) transports can be 
"mixed." 

FIXED-LENGTH ERASE COMMANDS and combination "erase then write" command 
provided by Formatter. 

SOFTWARE COMPATIBILITY MAINTAINED with existing computer manufacturer's 
software, by providing ability to erase a three-inch gap and then, with one command, 
write a Record or File mark. Also with one command the user can space over any 
number of records, foryvard or backward. 

NO LOCK-UP AT LOAD POINT when the Formatter is commanded to backspace or 
Read Reverse. Command rejected and Reject status returned to get attention of 
computer. 

PHASE-ENCODED FORMATTER CONTAINS ALL LOGIC necessary to generate 
the pre-ambie. post-amble, phase-encoded data and file mark patterns for recording. 
Read logic allows complete recovery of Read data, including data decoding, buffer- 
ing, error and file mark detection and error correction. 



TO ASSIST IN YOUR OWN COMPUTER ADAPTER DESIGN, blank printed-circuit 
boards are available with which to build your own Computer Adapter or logic card. 
These boards plug directly into the existing enclosure, which provides complete 
Interconnection. The boards can be supplied with as many as 196 IC sockets already 
mounted. Further, to assist in the development of your Adapter logic and software. 
DATUM can provide logic diagrams and actual software. 



IF YOU ARE TO DESIGN YOUR OWN ADAPTER . . . 




5091 TAPE FORMATTER. PANEL OPEN. SHOWING NRZ FORMATTER BOARD 
(TOP) AND PHASE ENCODED FORMATTER BOARDS (BOTTOM) INSTALLED. 





BACK PANEL 



EQUIPMENT CONFIGURATIONS 

The basic Series 5091 Controller/Formatter will house and power three large circuit- 
cards. One card slot is required for NRZ formatting, two card slots are required by the 
Riase-Encodrng Formatter, and one card slot is necei^ary for the Computer Adapter. 
TTierefore, two enclosures are necessary for some ODnfjaurations. 
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INSTALUTION INSTRUCTIONS 
HOOEL 5091 FORHATTERS 



K UNPACKING AND INSPECTION OF FORMATTER 

a. Visually inspect the Formatter to ascertain that there has been 
no physical damage. Should damage be observed, the carrier must 
.be notified within ten days if an insurance claim is to be made. 

b*. Hake certain that all boards are plugged firmly into the mother 
boards. 

c. Make certain that the speed chip (Assembly 701537) is installed. 
On the NRZ units* the speed chip is located on the lower right- 
hand corner {F5) of the center board (Assembly 7613^) of the 
three smaller boards mounted on the left side of the motherboard. 
- -i, - ^^ the. Phase Encoded units* the speed chip is located on the 

• 'li^A-' i;>. v::^lawer rfght^hand comer (028) of the left-most of the three 
Jfe^iai^^^B***^'®'^ boar^ (As^snbiy 76T91) mounted on the motherboard. 
-'•"■^^f.^:^. ^^a\^r^"aiwildl ^iim ^leed 'chfp "be removed and then rep 1 aced * be ce rta i n 
;X^,tlia>t p4n X of the chtp^ (the beveled corner) matches pin I etched 




circuit board* . ' 

^^^^^^^^^:,g^Ai«e€c^^ ffrmly. ,in the rear 



- ... ,.- . 

4C - ; MOUNTING THE FORMATTER 



: r ' >^ A' SfoaH {»ck6t of mounting hardware containing 10-^32 phi 1 1 ips-head 



screw^y. metal groonets and nylon chafing guards Is included with each Formatter. 
The Formatter is mounted In the rack by lining its four mounting holes up with 
foyir threaded mounting botes In: the rack, and securing, it with the grommet guards^ 
grommets and 10*52 screws. 



The 

This 23"-deep 



Formatter requires 24" of rack space behind the mounting surface, 
rack allows for cable bend at the rear of the Formatter. 



All tape URits fequlfe rack raOuRtlRf, HctintiRg of the tape units in 
a standard 19" RETHA rack is described in the tape unit manual. The S091 
Formatter and the tape units must be mounted such that five-foot tape-cable 
lengths wil 1 "daisy-chain" to al 1 units. This requires that all units be 
mounted either directly above, below or beside the previous unit in the chain. 
(See sketch below.) 
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The standard mul 1 7p1e-tape-un?t *'daisy*cham" configuration requires 
termination resistors to be deleted from all btit the last tape unit. Therefore, 
the power to the last tape unit must be switched to "ON" when any tape unit 
ts in use. This sudd] ies DOwer to the terminator. 



Taee Unit Terroinat ton Opt ion 



„ The Tap» Onit Termination Option proV^ides termination circuits on 
jpr^inted»ctt^tt^:^^ plug onto the last tape unit. This Option enables 

jp0wer to i>e^apprre^ tape unit that has jx>wer "ON". : install at i^^ of this 

option allows temi nation resistors to be deleted from a1 1 tape units and allows 
operation to continue^ even when the last tape unit becomes defective to the extent 
ttMFfc lts power cannot be turned ^ 



HiSrmiUlTION^ MODEL 5 FORHATTER 



The installation hardware consists^ of Cable 96OO76, the single-connector 
iSfidlpf to J1Q2, the upper-left -hand connector on the 

.jppncrallef^^,. Twot 6/32- screws- are supplied ta secure this connec- 




i!BPBiilB^t30s^t»ia«^^ rr is mpERArrvE that 



WITH THE FOLLOWING 




V*-~ ; 4 S--* 



the WanO'Tape Unit, which Is 



^r^.f4!|pt-«p|>er c^ on the second pr inted-circuit 

asg voui ;^ice th^ back of the Uamg. unrt» As 
JT;^'*ef .:^,^^$^i^A^«^f?lttwi«^ K make^ certain that the cable enters from the 



the^ cipniieHcto^^ the "A" stamped on the connector 

d^i|ligpates^.the end f ur^ 




-3- 



2* Connector AP103 attaches to J6 on the Wang Tape Unit, which is 
the upper connector (marked "J6") on the right-hand board (as 
you face the back of the tape unit). Ascertain, as in Step 1, 
that the cabie enters from the top end of the connector and that 
"A** is stamped on the connector*end furthest into the unit. 

3« Connector API 02 attaclied to J},, v^ich is the bottom connector 
on the board designated In Step^ Z. Ascertain that the cable 
enters the lower end of the connector and that "A" is atamped 
on the connector-end furthest into the unit. 



4.2 



To WANG PHASE ENCODED Units (Figure 3) 



1. Connector PI 6 connects to Jack J1 6 on the upper leading edge 
of the first printed circuit board from the left, as you face 
the back of the Wang unit. As sboMR in Figure 3. make certain 
that . the cable enters from the upper end of the connector and 
^ - . that. thet 'W* stamped o» the connector designates the end fur tte 

. - >3^'*"'i|>S^?-^>'* 4itto-th& tapie^ufiit. 

botr the upper edge of the right - 
Vbti^ce^ the back of the unit). 
thm cormector-end stamped *'A" is 





^^'Icsffrn'Tp^ edge of the/ right- 
Ascertain that the connector- 




^jthe toji'^'a on the innermost 



t ^ :^>^^^fr^lJJ^e94/Ur\tmi cFrcuft boerd., Nek^certafit thst the end of the 



connector stamped "A" is to%#ard the top of the tape unit, which 
means that the cable enters the connector from below. 

^ 2. Connector API 03 attaches to JiC3, the bottom connector on tue 

innermost (Read/Write) circuit board. Position the connector so 
that the end s^tasnped "A" is closest to the bottom of the tape unit, 

3, Connector API Of attaches to J 101, the bottom connector on the 
' outermost (control) circuit board. Position the connector so that 
the end stamped "A" is closest to the bottom of the tape unit. 




SECTION I 

GENERAL DESCRIPTION AND SPECIFICATIONS 



1 . 1 FUNCTl ONAL DESCRI PTI ON 

The DATUM 1600 Phase Encoded (PE) Formatter provides the capa- 
bility of writing and reading IBM- compatible or USASCl I -compatible 9-track, 
phase-encoded, 1600 bits per inch magnetic tapes. 

The 1600 PE Formatter provides a simplified computer-oriented 
interface to minimize the task of interfacing to a digital computer. All 
major operations are performed automatically under control of the Formatter. 

Individual selection and operation of up to four "Daisy Chained" 
tape transports is permitted. 

The transports can be a mixture of any two tape speeds, with 
Read/Write (single- stack head) or Read»After-Wri te (dual- stack head) 
inter-mixes permitted. 

Tape transport motion control. Preamble and Postamble generation, 
error correction. Inter-record gap generation and status reporting are 
included. Also provided are automatic recording of PE Identification 
burst at BOT and checking for PE identification burst when reading from 60T. 
All write clocks and delay times are derived from a crystal -controlled oscil- 
lator. No "one shots" or RC delays are used. 

The 1600 PE Formatter offers a selection capability such that two 
formatters (NRZI or 1600 PE) can be "Daisy Chained" to one computer adapter. 
This feature permits the mixing of 9-track, 1600-CPI, phase-encoded tape 
units; 9-track, 800-BPI and 7-track, 800/556/200 BPI tape units. It makes 
possible the control of up to eight tape units using only one computer 
adapter. 
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Card space and adequate +5-vo1t power Is available for the com- 
puter adapter (may be wire-wrapped) in the Formatter. 

The 1600 PE Formatter permits "On-the-fly" operation (continuous 
read or write at maximum tape speed without stopping In each inter-record 
gap), it writes the IBM- or USASCl 1 -compatible file mark and recognizes 
file marlcs. It provides for the "Edit" feature (allows a record anywhere 
on a previously recorded tape to be replaced with an updated record). 

There are no calibration or adjustment potentiometers in the 
Formatter. All timing is derived from a crystal oscillator. 

The 1600 PE Formatter is compatible to the entire 12.5- to 112.5- 
ips tape-speed range without changing crystals. Field-changeable jumpers 
select the frequencies needed for the tape speed. 

A special low-threshold data- recovery feature is provided. 

Controls and indicators are provided to allow: 

1. Switchable assignment of any tape unit number (0, 1, 2 
or 3) to any of the four tape units (A, B, C, D) . 

2. Lamp indication of Formatter selection. 

3. Lamp indication of tape unit selection. 

4. Power on/off. 

1.2 PHYSICAL DESCRIPTION 

The DATUM Model 5091 1600 PE Formatter is designed to be mounted 
in a standard 19*' ElA rack. The Formatter front panel is 5.25" high. The 
unit IS 21" deep, with an additional allowance necessary of 2" for input/ 
output cable service loop. Top and bottom covers may be easily removed for 
access to integrated circuits. Input/output cable connections are made at 
the rear of the Formatter via printed-ci rcui t edge-connectors into which 
printed-ci rcuit cable termination cards can be plugged. 
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TO TAPE TO EXTERNAL POWER SUPPLY 




(IF INTERNAL 
ADAPTER IS 
USED) 



Figure 1-1 • Rear View Formatter Connectors 
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Figure 1-2. Front Panel 



Power 



Ci rcuits 

Operating Ten^^eretiire 
Storage Temperature 
Altitude 

Relative Humidity 

Interface Voltages 

(OTL 900 series or TIL 
7^0 series compatible) 



115 VAC ±10% 

230 VAC ±10% 

160 watts maxlimim 

^-^0 Hz frequency 

All silicon 



ft ** t — r 



-40** to +70' C 

0 to 20,000 feet 

10 to 95% (non-condensing) 

low = OV ±.ifV 
high = 3.9V ±1.5V 



The interface is designed such that an open circuit is inter- 
preted as a "high" signal. 

Figure 1-3 illustrates the configuration for which the inter- 
face has been designed. 
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MAGNETIC TAPE FORMATS 



Figure l-'f illustrates the IBM and USASCIl magnetic tape formats 
for 9-track phase-encoded tapes. 
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Figure U3* Interface Circuits 
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NOTES 

t. Tape Is shown with oxide side up. 

2. Tape Is to be fuHy saturated In the erased direction In the Interblock 
gap and the initial gap. 

3. The Identification burst must extend past the end of the BOT maricer. 
All dimensions are given In Inches. 

5. There is a track placement tolerance of ^0.003 for each track. 



Figure i-**. PE Recording Format 



SECTION if 

INTERFACE 



2.1 INTRODUCTION 

Computer interface with the Formatter Is provided at JlQl for 
an external adapter or at J103 to the computer if the internal computer 
adapter Is used. Tape unit interface is provided at J102. (See Figure 1-1, 
page 1-4.) 

Datum printed circuit board #170189 is available for constructing 
the adapter internally. The P« C. Board can accept up to I96 14- or 16-pin 
wire-wrap sockets. 

The interface connectors are 100-pfn Amp 583485-3 printed circuit- 
edge connectors, which mate to DATUM part number 170192 cable terminator 
printed-ci rcui t plug-in board. 

Individual, 22-26 AWG, stranded, twisted-pai r wi res should be 
used. Maximum length should be 6' for the computer adapter interface and 
20' (total) for the tape unit "Daisy Chain" bus. The twisted-pair should 
have at least one twist per inch and a minimum insulation thicicness of .01 
inch. 

The ground wire of each twisted pair should be connected to 
ground as close to the origin or destination of the signal as possible* 
(within 6 inches maximum) to minimize ground- loop-current "crosstalk" 
effects. 

The Interfaces are listed in Tables 2-1 and 2-2. The terms with 
a "bar" over them are "low" (OV) when active and the terms without a bar 
are "high" (+5V) when active. 
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selected transport to the write or read mode. This mode is maintained 
until the next SFC or SRC command is initiated. 

Tiie write mode within the transport is also switched to read 

fflodfi tf* 

a) A RWC or OFC command is received. 

b) Loss of interlock occurs « 

c) The transport is manually switched offline. 

OVW - Over Write. This signal is a level which causes the 
transport write current enable/disable to "ramp" on and off to minimize 
rate of change of recorded inter block gap magnetism when rewriting 
a record in the EDIT mode. 

This signal level also causes the write current and DC erase 
head current to be turned off immed t ately after rewriting the new record 
(to keep frc^ erasing the beginning of the next record). 



RTHl - Read Threshold 1, * This level selects a high threshold 
for marginal checking of written records when utilizing a single stack 
head. This is usually accomplished by backspacing over a newly written 
record and then reading forward in the high threshold mode to perform a 
parity check. 

RTH2 - Read Threshold 2. This level selects an extra low 
threshold for recovery of very low quality signals (on transports so 
equipped). 

WARS - Write Amplifiers Reset. This signal controls the early 
turn off of write and erase currents after rewriting a record in the EDIT 
mode. 

The negative going transition of this signal ■ initiates the 
write current turn off. In NRZI transports, this signal also generates the 
LRC character. 
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• DOS - Select high density. Low » select high density (for NRZI 
Formatter only) for 7 track transport. 

2.2.1.3 Write Data 

WOS - Write Data Strobe. This is a clock utilized to copy the 
write data (WOP and WOO through W07) in to the selected transport write 
flip-flops. The data levels must be static during WOS and the trailing 
edge (positive going) of WDS is used to clock the flip-flops. The clock 
rate is twice the character rate for 1600 CPI and at the character rate 
for NRZI. 

WOP, WDO through WD7 - Write data. WOP is the odd parity bit, 
WOO is the most significant bit» and W07 is the least significant bit. 
WDO and WDl are not used for 7 track NRZI operation. 

These signals are presented to the selected transport along 
with the WDS clock. For the 1600 CPI Formatter, the first negative going 
transition (in v/riting a record) is. the "zero bit" of the preamble. The 
write data is presented in phase encoded form. For the NRZI Formatter, 
the write data is presented in' logic level form (low = logic 1, high = 
logic 0). 

2.2.2 Transport to Formatter 

2.2.2.1 Status I ines. 

RDY - Ready. A level that is low only when the selected trans- 
port is: 

a) Interlocked. 

b) Through the initial load or rewind to load point sequence. 

c) On 1 ine. 

d) Not rewinding. 

Note: A transport will go NOT Ready for approximately .5 second 
after reversing into load point and does not go Ready until approximately 
.5 second after termination of a Rewind. 
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ONL - On line, A level that fs low when the selected trans- 
port !s manually switched on line (to place it under remote control). 

RWO - Rewinding. A level which is low while the selected 
transport is rewinding. The level remains low until the transport 
completes the automatic "return to load point" sequence but the transport 

does not become Ready until approx innately .5 second after the RWO signal 
terminates. 

FPT - File Protect. A level which is low when the selected 
transport has a supply reel of tape mounted which does not have a write 
enable ring installed. 

LDP - Load Point. A level which is low when the selected trans- 
port's beginning of tape reflector is located under the photo sensor, 
interlocks are made, and the initial load or rewind sequence is completed. 

EOT - End of Tape. A level which is lov/ when the end of tape 
reflector is under the photo sensor in the selected transport. This 
signal is not staticised and neither the positive or negative going 
transition is "clean". 

NRZ/PE - Non Return to Zero/Phase Encoded. A level which 
reports the selected transport type. Low for NRZ type. High for PE type. 



SINGLE/DUAL - Head Stack. A level which reports the selected 
transport head type. Low for single stack. High for dual stack "read 
vtfhile writing". 

Low/High - Transport Speed. A level which reports the selected 
transport tape motion speed. 

Low = low speed 
High ~ high speed 
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7 TRK/9 TRK - Transport Type. 
Low = 7 track 
High « 9 track 

DDX - Data Density Indicator 

Low s High Density Selected 
High - Low Density Selected 

2.2.2.2 Read Data & Read Clock 

RDP, RDO through RD7 - Read Data. 

a) 1600 CPl Fonnatter: 

Read Data from the selected transport is Identical to the 
Write data wave forms supplied to the transport. There is 
no read strobe. 

The Phase Encoded signals are high during an Inter Block Gap 
or when the tape is not in motion. In the forward direction 
the first negative going transition is the zero bit of a 
preamble. In the reverse direction the first negative going 
transition is the last "phase" transition of the postamble 
hence the zero bit transition will be a posi tive going 
transition in read reverse. 

b) NRZI Fonnatter: 

Read Data is In logic level form (low - logic 1, high « 
logic 0) and is presented along with a negative going read 
strobe (RDS). 

2.3 FORMATTER/COMPUTER ADAPTOR INTERFACE 

2.3.1 General 

Table 2-2 lists the signals and pins for the Formatter/computer 
adaptor interface. 
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AH signals from the Formatter to the Computer Adaptor may be 
"daisy chained" to a second Formatter such that one of the two Formatters 
may be addressed to operate with the Computer Adaptor. In order to accom- 
pUsh this, all such signals are "low active" open collector cable driver 
Integrated circuits capable of sinking 25 ma. This allows all such signals 
to be terminated with resistors to +S\l at the Computer Adaptor. 

2.3-2 Formatter to Computer Adaptor 

2.3.2.1 Status 

Most of the status signals are generated by latch flip-flops 
that retain the occurrence of the status until the next command is 
accepted by the Formatter (or the Formatter is deselected). 

Some of the status signals are levels from the Formatter or 
from the selected transport that are gated with the Formatter address line 
hence are not reset by the command clock. These status signals are marked 
by note 1 in Table 2. 



EOTS - End of Tape Staticised. When low, the EOTS level indi- 
cates selected tape transport is on or has passed over (in the forward 
direction) the EOT reflective tab. The EOTS signal remains low until a 
"reverse direction" command (such as rewind, backspace or read reverse) 
Is accepted by the Formatter, Thus the program only need check for EOT after 
completion of writing each record. 

EOTS is also reset by power on, or the EXT RESET signal from the 
Computer Adaptor. 

REJECT - Rejected Command Status. Goes low when the command 
accompanying the command clock (STROBEC) is rejected by the Formatter. 
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Table 2-2. Formatter/ Computer Adaptor Interface 



|J101/J2 
i Pins 



Formatter to Computer Adaptor 



J101/J2 
Pins 



Computer Adaptor to Formatter 



59 

80 

73 
Ik 
22 
20 
87 
93 
70 
95 
9 
43 
^7 
31 
38 
if] 
ko 

19 
15 
26 
17 
25 
11 
30 
13 
28 
21 

Sk 
65 
78 
82 

69 

76 
79 

3^ 

88 



EOTS 
REJECT 

1)2) 9 TRK 

1) NRZ 

1) 
1) 



SINGLE 
LOW 
TMER 

PARITY ER 

FH 

RDY 

RWDG 

FPT 

LDP 

WCC 

RCC 



I DENT S 
CERS 



Status 



RP 
RO 

il 
R2 

R3 

M 
R5 
R6 
R7 



RSTR03E 

CBUSY 

DBY 

RCAS 

DATA FLAG 



Read Data 
& Clock 



WRMSB 



RJCT 

CK WD CNT 

CLK 

WRP 

Total = 36 



5) 
6) 

Reject Pulse 
7) 

Clock 

Write Clock 
Precede 



71 


i 


FADl 


91 




Si 




\ 

! 


S2 


5 






92 




EXT RJCT 


90 




SET REV 


32 


i 


SET WCC 


55 




SET WFM 


57 




SET GAP 


89 




SET FSR 


58 




SET RCC 


64 




SET CLR 


68 




SET REW 


61 




SET OFL 


66 


3) GEN ODD PAR 


77 


: 3) 


HI DENSITY 


6 




THR] 


8 




THR2 


85 




EDIT 


63 


I) 


TRD 


75 




STOP SPACE 


29 


3) 


CD 


37 




BO 


62 




BI 


39 




B2 


42 




B3 


45 




b5 


52 




B5 


46 




85 


49 




B7 



7 
72 
67 



Clock 



Commands 



Modes 



Write Data 



W/R ACK Data Transfer 

Acknowledge. 
HALT Last Word 

Iransferred. 

EXT RESET 



Total = 33 



Control 



1) Status levels not reset by acceptance 4) 
of new command. 

2) Always 1 when I6OO Formatter is 5) 
addressed. 6) 

3) Not used by I6OO Formatter. 7) 



Always 0 (open clrcuTt) from NRZi 

Formatter. 

Data Transfer Flag. 

Write Most Significant Byte. 

Check Word Count Pulse. 
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The reject status is needed to keep the computer program from 
"hanging up" when it issues a command that the Formatter can't perform. 
Normally the computer adaptor is designed to interrupt the program when 
the commanded function tenninates (based on the Formatter returning to the 
NOT busy state). If the Formatter can' t perform the commanded function, 
the RJCT pulse can be utilized to set the interrupt. When interrupted, the 
REJECT status line can be inspected by the program (before going on to the 
next function) to ascertain if the command was accepted. 

The fol lowing conditions cause a reject: 

a) Formatter busy with transport motion or selected transport 
busy and any command other than a clear is issued. 

b) Reverse motion command issued while at BOT. 

c) Write command issued while no write ring is installed on 
selected transport. 

d) Any "external reject" condition exists in the computer 
adaptor (a typical use is detection of a non-val id command 
code) . 



9 TRK - Nine Track Tape Transport Selected. Available only if 
tape unit is equipped to supply this status. 

Low = 9 track transport is selected. 
High - 7 track transport is selected. 

NRZ - Non Return to Zero Tape Transport Selected. Available 
only if tape unit is equipped to supply this status. 

Low = NRZ I transport selected. 
High = 1600 PE transport selected^ 



SINGLE - Single Gap Head Transport Selected. Available only 
if tape unit is equipped to supply this status. 

Lov/ = Single Gap Head (Read/Write). 

High - Dual Gap Head (Read while writing). 



2-10 



LOW - Low Speed Tape Ur.!t Selected « Available only if tape unit 
Is equipped to supply this status. 

Low - Low Speed. 
High > High Speed. 

. TMER - Data Transfer Timing Error Status. 
Low = Error. 
High = No Error. 
Level that indicates detection of computer adaptor failure to 
transfer a character before the next character transfer is required. This 
check is performed both in write and read modes. 



Parity ER - Parity Error Status. 
Low = Error 

Level that indicates error condition was detected on last operation. 

a) 1600 CP I Formatter: 

1. Correctable error occurred (CERS will be low also). 

2. Uncorrectable error occurred (CERS will be high). 

3. False preamble or postamble was detected. 
k. Skew error. 

5. Multi track dropout. 

For an error condition consisting of a vertical parity error 
wfthout a corresponding single track dropout the PARITY/ER line will be 
pulsed low during Read Clock (RSTROBE) time to tag the character in question. 

b) NRZI Formatter: 

1. LRC error occurred. 

2. VRC error occurred. 

FM - File Mark Status. 

Low File mark detected. 
High = No file mark detected. 
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ROY - Ready Status. 

Low s Selected transport Is ready. 
High = Selected transport is not ready. 

RWDG - Rewinding Status. 

Low = The selected transport is rewinding or Is not 

ready yet after a rewind. 
High s The selected transport is not rewinding. 
The RWDG status flip-flop doesn't indicate termination of 
rewind until the transport also Indicates READY (if a single transport 
is commanded to rewind and the Formatter waits until the rewind terminates). 
In multiple transport systems it Is possible to initiate rewind on one 
transport, select and operate another transport, and then re-select the 
first transport and find that It is not reporting the rewinding condition, 
yet isn't ready (because It stays not ready for approximately .5 second 
after termination of rewind). For this reason, the computer program 
should always check for ready status as well as *'done rewinding" before 
proceeding after any rewind on multiple tape systems. 

fFt - File Protect Status. 

Low s= Selected transport is protected against writing 

(no write ring installed on supply reel). 
High s Writing is enabled. 

LOP - Load Point (see LDP under section 2.2.2.1) 
Low = Selected transport is at BOT. 
High = Not at BOT. 

WCC - Write Mode. Level that indicates when the Formatter is 
writing a record. 

Low = Writing. 

High = Not wri ting. 
Typically used with "unpack" signal WRMSB , to control the computer 
data requests and computer adaptor to Formatter write strobes (W/R ACK) when 
unpacking a computer vtord into two tape characters. 
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RCC - Read Mode. Level that indicates the Formatter is 
performing a read operation. 

Low = Reading 
High = Not reading 
Typically used to indicate "data transfer direction" to the 
computer and to disable detection of read mode record length error logic 
(on the computer adaptor) when not reading. Also disables the read mode 
control of the computer adaptor data transfer control logic even though 
read strobes are received for "read while write" operations. 



IDENTS - 1600 CPI Identification Status. 

Low = 1600 CPI tape identified at BOT. 
Signals detection of 1600 CPI "Burst" when selected tape is 
commanded to move off BOT. (1600 CPI Formatter only) 



CERS - Corrected Error Status. 

Loiv = Single track error was corrected by the 1600 
Formatter in the last record. Always logic 0 
(open circuit) from NRZI Formatter. 

2.3.2.2 Read Data & Clock 

The read data Is completely "buffered" in a special register 
(supplied on the Formatter) such that no external register in the computer 
adaptor is required. The data is allowed to change just before the leading 
edge of the read strobe pulse (RSTROBE) and is static throughout RSTROBE 
and until the leading edge of the next RSTROBE pulse. 



The RSTROBE pulse actually isn*t needed for simple 8 bit single 
character interfaces to computers but Is included to allow more sophisti- 
cated computer adaptors to be built which "pack" successive pairs of tape 
character into a 16 bit word for computer entry. In this case, at least 
8 bits must be stored on the computer adaptor. 
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The DATA FLAG Control signal. goes low at the trailing edge of 
the RSTROBE pulse to signal that read data is ready for output from the 
Formatter. The computer adaptor must respond with W/R ACK. before the 
next RSTROBE pulse occurs or the data transfer timing error (TMER) will 
latch. 



RSTROBE - Read Strobe Clock. Negative going pulse that can be 
utilized to clock the levels present on the data lines Into an external 
register. Normally also used by the computer adaptor to detect read 
record lengths that are longer than expected by gating with a signal that 
indicates all the characters asked for by the computer program have been 
input. If more RSTROBE • s occur, after this signal indicates that the 
record length asked for has been Input, then the record Is longer than 
expected. 

2.2.2.3 Control 



CBUSY - Controller Busy. 

Low = Controller busy. 
High = Controller not busy. 
Goes low at the leading edge of the STROBEC command clock when 
a new command is accepted and remains low until the operation has finished 
and all tape motion has ceased. 

The offline command does not cause the controller to go to the 
busy state and the rewind command can be jumper selected to not cause the 
controller to go to the busy state. 



The computer adaptor normally makes use of CBUSY to inhibit new 
convnands. However, for continuing with writing or reading "on-the-f ly", 
the computer adaptor logic can ignore the CBUSY level and initiate the 
next command when the OBY (data busy) signal terminates at the beginning 
of the IRG (inter-record gap). 
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06Y - Data Busy 

Low = Data write or read portion of operation is in 
process. 

The DBY does not occur for offline, rewind, or clear & select 
type commands. 



transpires and remains low until the motion command line (SFC or SRC) 
to the selected transport is terminated. At this time the transport 
begins deceleration to stop in the inter-record gap. If continuous "on- 
the-fly" operation is desired (to halve the amount of time required to 
traverse the iRG) then the computer adaptor can initiate the next command 
immediately after DBY terminates rather than waiting until CBUSY terminates. 
The only restrictions are that the next command roust be the same type and 
di recti on as the preceding command. 



program when 03Y terminates and it is left up to the computer orogram to 
reed status (to determine if the last command terminated correctly, check 
that the new command is of the. same type and direction as the old, and 
Issue the new command). 

Commands are "typed" as to whether they are read or write 
commands as follows: 



The 06Y signal begins after the initial "Up to Speed" delay 



The computer adaptor is usually designed to notify the computer 



Command Types 



Read 



Vri te 



Space Forward 
Space Reverse 
Read Record Forward 
Read Record Reverse 
Test Read Forward 



Erase 3" Gap 
Write File Hark 
Write 1 Record 
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RCAS - Read Clock Activity Sensor. Used in NRZl Formatter to 
separate the CRC/LRC characters from the data character In a read forward 
operation. In NRZl Formatter, low - data portion of record. In read 
reverse operations, RCAS does not separate the CRC/LRC characters from 
the data hence the program must expect one or two more characters to be 
Input than In the read forward mode and must discard the CRC/LRC characters. 
This may be done for the 9 tracic case by setting the record length to two 
characters more than In the forward mode. Since the CRCC may be all zero, 
program would have to test the record length error status to find out 
whether to discard: 1. .The first character only (LRCC) if record Is too 
short. 2. The first two characters (LRCC & CRCC) when the record Is the 
expected two characters longer than In the forward mode. In the 7 track 
case the record length must be set to one extra character (only LRCC Is 
generated for 7 track) and the record length error status Inspected to 
determine whether to discard the first character or not. If the record is 
the expected one character longer, the first character (LRCC) must be dis- 
carded. If the record indicates that it is too short, then the LRC char- 
acter must have been zero hence the first character is data and should be 
ret a 1 ned . 

For 1600 CP I Formatter, the RCAS signal is switched low through- 
out each data record in both the forward and reverse read operations. 

DATA FLAG - Data Transfer Request Flag. 

Low = transfer request active. 

The data flag is utilized for both write and read functions. 
It Is cleared by the leading edge of the W/R ACK pulse from the computer 
adaptor. 

In the case of writing, the data flag is set one character time 
before the character Is needed hence the amount of time allowed before the 
W/R ACK pulse must be received is dependent solely upon the tape speed. 
If the W/R ACK pulse Is not recleved In time, the TMER (data transfer error) 
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In the case of reading, the data flag is set at the trailing 
edge of the read strobe (RSTROBE) pulse. Due to tape speed variations 
and bit crowding effects, the worst case time allowed may be as short as 
one-half the character time but is also directiy dependent upon the tape 
speed. If the W/R ACK pulse is not received before the next RSTROBE is 
generated then the TMER latch is set. 



WRMSB - Write Most Significant Byte. 
Low - Odd characters 
High s Even characters 
Flip-flop that toggles to the opposite state for each character 
to be written on tape to allow 16 bit computer words to be easily "unpacked" 
into two 8 bit tape characters by the computer adaptor. 

Not needed for simple 8 bit transfer modes of operation. 



WRMSB is switched shortly before DATA FLAG Is set and is static 
throughout DATA FLAG time hence can be gated xi/lth DATA FLAG to determine 
whether to set the computer data request flag or to generate the W/R ACK 
signal back to the Formatter when "unpacking". 



RJCT - Reject Pulse. Negative going pulse which sets the REJECT 
status f 1 ip-f lop. 

This pulse can be utilized by the computer adaptor to trigger 
the interrupt normally set by the 06Y or CBUSY termination. 

The computer program should always check status after a command 
operation signals completion to determine if the command was accepted 
& performed correctly or if the command was rejected. 



CK WD CNT - Check Word Count Pulse. Negative going pulse at 
the end of each record which is usually used by the corfiputer adaptor to 
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set a "record length error*' status bit if the record read is shorter 
than expected. 

Usually gated with signal in computer adaptor that signifies 
that the record length expected by the computer program has been input. 
If this signal isn't set when CK WO CNT pulse occurs then the record must 
have been shorter than expected. 

CLK - Clock. Clock derived from crystal oscillator on formatter. 

WKP - Write Pulse Precede. Pulse that precedes write flag (DATA 
FLAG) which may be utilized to test for data transfer complete before the 
next one is initiated. 

2.3.3 Computer Adaptor to Formatter 

Genera] 

The computer adaptor driver circuits to the Formatter should be 
capable of sinking 30 mi II lamps when at the low level. They need not sup- 
ply any current when at the high level since resistor termination's to +5V 
are supplied within the Formatter. Tne drivers are not required to be 
"open collector" types however (since no "wired or" function Is utilized). 

2.3.3.1 Addressing 



FAOl - Formatter Address 

Low s= Formatter #1 addressed. 
H:gh = Formatter #0 addressed. 
This level must remain static throughout execution of any command. 
The Formatters have capability of jumper specifying whether their address 
is 0 or 1. 



2-18 



SI, S2 - Transport Select Address Lines. These leveis are 
decoded by the Formatter to select one of the four transports. The levels" 
must remain static throughout any operations except Rewind. A transport 
can be commanded to rewind and a different transport selected Immediately. 



SI 


S2 


Tape Unit Selected 


Low 


Low 


0 


High 


Low 


1 


Low 


High 


2 


High 


High 


3 



2.3.3.2 Commands & Command Clocic 
General 

The commands are stored in the Formatter by the command clock 
pulse if the command is not "rejected" by the Formatter. 



CBUSY is set at the trailing edge of the command If the command 
Is accepted. When the CBUSY signal terminates, the operation has been 
completed by the Fonmatter and the Formatter Is ready to accept another 
ccximand. 



Commands - The offline command never causes CBUSY to set and 
CBUSY set upon rewind command acceptance is jumper selectable. 

The command signals must be static from 100 nanoseconds before 
the leading edge to 100 nanoseconds after the trailing edge of the command 
clock. 

Table 2-3. Illustrates the valid Formatter functions and the 
corresponding command lines that are required to be "high" in order to 
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initiate the associated function. All other convnand lines must be "low" 
with the exception of EXT RJCT which over-rides all other conmands. 

Command Clock. The command clocic (STROBEC) must be a positive 
going pulse of 100 nanaseconds (or more) pulse width. 



Table 2-3. Commands 



Formatter Function 


Conmand Signals "High" 




1) 


Write File Mark 


SET 


WFM 






Erase 3" Gap then Write File Mark 


SET 


WFM/SET GAP 




0 


Write Record 


SET 


WCC 






Erase 3" Gap then Write Record 


SET 


WCC/SET GAP 


2) 


3) 


Space Forward 


SET 


FSR 


1) 2) 


3) 


Space Reverse 


SET 


REV 


3) 


h) 


Read Forward 


SET 


RCC 




3) 


Read Reverse 


SET 


RCC/SET REV 






Erase 3" Gap 


SET 


GAP 






Reject 


5) EXT 


RJCT 






Clear 


SET 


CLR 






Rewind 


SET 


REW 






Offline 


SET 


OFL 






Rewind and then go offline 


SET 


REW/SET OFL 



5) overrides all other commands. 

k) can be in either normal or test read mode. 

3) can be read in various read threshold modes. 

2) can be multiple record spacing under control of STOP SPACE mode. 

NOTES: 1) can be in edit or normal modes. 

2.3.3.3 Modes 

The mode lines are levels which are not stored in the Formatter 
by the conmand clock hence must be stored by the computer adapter. They 
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must all remain static (with the exception of STOP SPACE) throughout exe- 
cution of a convnand by the Formatter. 

GEN ODD PARITY - Generate Odd Parity. This line is ignored by 
the 1600 CPI Formatter. The NRZ! Formatter uses it to control parity 
generation for 7 track tapes (if in the REMOTE parity control mode). 
LOM = even parity, high = odd parity. 

Hi DENSITY - Select High Density Write Mode. The 1600 CPI 
Formatter ignores this line. The NRZI Formatter utilizes the line to 
control High/Low write density selection for 7 track tape transports C>f 
in the REMOTE density select mode) high - low density, low = high density. 

THRl -> Select Read Threshold One. Used for single track head 
transports to enable a marginal read amplitude check to be made immediately 
after writing each record (by backspacing then reading forward) to determine 
v^ether that section of tape should be erased and the record re-written 
further down the tape. 

Low = Marginal threshold (high threshold). 

High = Normal threshold. 

TKR2 - Select Read Threshold Two. Used for transports equipped 
with the extra low read threshold capability for recovery of low amplitude 
data. 

Low - Extra low threshold. 
High - Normal threshold. 

EDIT - Edit Mode. Enables records to be replaced with equal 
length records anywhere on a tape. 

Low = Edit mode. 
High = Normal mode. 
The record to be replaced must first be backspaced over in the 
edit mode (to position the write head correctly) then rewritten in the 
edit mode (to cause the erase head and write current to be turned off 



2-21 



immediately at the end of the record before the erase head erases into the 
fol lowing record) . 

TRO - Test Read Mode. 

Low = Norma i mode . 

High s Test read mode. 
The NRZ! Formatter utilizes the line to control access to the 
CRC/LRC characters (when reading forward) for diagnostic and maintenance 
purposes. In test read mode, the data flag is all(^^d to trigger for the 
CRC/LRC characters. The 1600 Formatter allows access to the postamble 
characters (or to characters following postamble detection in cases of 
false postamble detection). 

STOP SPACE - Stop Forward of Backspacing. 

High = Normal (Formatter spaces 1 record for each command). 
Low = Continuous spacing. 
The RCAS signal can be used by the confute r adaptor to count the 
number of records spaced over to determine when to switch STOP SPACE high 
to terminate multiple record spacing. The leading edge of RCAS should be 
used to count records and swftch STOP SPACE high upon detection of the last 
record to be spaced over. 

CO - Core Dump Mode. 

Low = Core dump mode. 
High =^ Normal mode. 
Ignored by 160Q CPI Formatters. The NRZI Formatter utilizes 
this fine to operate 9 track tape machines in a 7 track mode where in 7 
track type file marks are written and detected. This mode is necessary 
for compatfbiUty w!th some computer systems in the field. 

2.3.3.'!^^ Write Data 

The write data consists of eight lines which must be stable 
during the W/R ACK pulse transmitted from the computer adaptor to the 
Formatter. Odd parity fs generated in the Formatter for recording. 
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A write data storage register !s included In the Formatter so 
that none Is required In the computer adaptor. 

BO through 87 are the write data lines. BO Is the most signi- 
ficant bit, (low s logic 1, high s logic 0). 

2.3*3*5 Control 



W/R ACK - Write/Read Acknowledge. This negative going pulse 
Is used to acknowledge the DATA FLAG request for data transfer In both 
read and wrfte operations. The pulse must be at least 100 nanoseconds 
wide. 



In the write operation the W/R ACK pulse is used to clock the 
levels present on the BO through 87 lines into the Formatter write storage 
register and to reset the DATA FLAG flip-flop. 



in the read operation the W/R ACK pulse is merely used to 
reset the DATA FLAG flip-flop. 



The leading edge of the W/R ACK signal Is delayed in the 
Formatter and utilized to reset the DATA FLAG flip-flop such that the 
Formatter DATA FLAG signal can Itself be gated at alternate character 
times onto the W/R ACK line to reset itself (in "Pack/Unpack" modes of 
operation). This is useful since actual data transfers with the computer 
must take place only for every other tape character time yet the Formatter 
data transfer requests must be serviced for every 8 bit tape character 
(since It only provides storage for one 8 bit tape character). 

Halt - Halt data transfer. 

The signal Is used to initiate termination of writing a record 
or to terminate data transfer requests (DATA FLAG) from the Formatter when 
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reading a record. The signal is normally low and should go high after the 
last W/RACK pulse to signal termination of the record. Must remain high 
until the next command is Issued. 

In the write operation, the 1600 CP! postamble (or the NRZI 
CRC/LRC character) are written and a portion of the inter-record gap is 
erased before the tape transport begins to decelerate to halt in the IRG. 

In the read operation, the Formatter continues on until the true 
end-of- record is detected before initiating the halt in IRG process. 



EXT RESET - External Reset. The external reset line allows the 
Formatter to be cleared to Initial conditions from such signals as the 
computer ''start" button etc. 

Low - Reset 

High « Normal 
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SECT! ON iiS 
THEORY OF OPERATION 



3.1 INTRODUCTION 

This section contains Information on the operation of the Model 
5091 I6OO PE Magnetic Tape Formatter. 

The information In this section Is divided Into two major sec- 
tions. The first will be a discussion of the block diagram (Figure 3-1). 
This will provide an overall functional description and will illustrate 
the relationship between the Formatter, the tape transports, and the com- 
puter adapter. The second section is a discussion of the command execution. 
Illustrated by timing diagrams. The section describes the operation of the 
Formatter circuitry during execution of computer-originated instructions. 

3.1.1 Functions of the Formatter 

The Formatter performs three basic functions. These are: 

1 . Control 

2. Write 

3. Read 

The Formatter provides control over the selected tape unit 
Including all timing necessary to perform automatically all write, reads. 
rewind, space forward, space backward and rewind commands. Upon comple- 
tion of the commanded operation, status is provided so that the computer 
can ascertain whether the operation was performed correctly. 

The Formatter performs all the write functions for erasing tape, 
writing a file mark or writing a record of data. The phase mode identifi- 
cation burst is automaticaUy recorded, before the first record when 
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starting from beginning of tape (60T) . The correct timing delays for eras- 
ing the inter-record gap (IRG) are provided and the file mark format is 
developed by the Formatter. The preamble and postamble are generated by 
the Formatter when writing, and automatic data error correction is per- 
formed by the Formatter when reading if there should be a s ingle- tracic 
drop-out. The preamble and postamble is stripped off when reading. 

The task of writing is reduced to mere transfer of the charac- 
ters on a demand- response basis for the computer adapter logic. 

The Formatter also reduces the reading and spacing operations 
to a minimum by perfprming all parity checks and positioning of the head 
in the IRG*s automatically. The task of reading is reduced to transfer 
of the characters on a demand- response basis. 

The Formatter can accommodate as many as four magnetic tape 
transport units simultaneously. All input/output signal lines are 
"daisy chained" to the multiple tape transports, while a single select 
line Is wired to each Individual tape transport. Only the selected tape 
transport unit will respond to the Formatter conmands. 

3.2 BLOCK DiAGRAH 

A simplified block diagram of the 1600 PE Formatter is shown 
in Figure 3-1* The block diagram illustrates the various functions per- 
formed by the 1600 PE Formatter and shows the relationship between the 
Formatter, the tape transport units, and the computer adapter. 

The circled numbers refer to the number of the logic diagram on 
t^ich the Indicated function Is drawn In detail. This number is located 
in the lower right hand comer of the detailed logic drawings. Logic ^ 
illustrates the computer adapter interface. 
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3.2.1 Command Register S- Val Id/Re iect Loqfc 



When the computer outputs a command, the computer adapter supplies 
the command, and a strobe pulse to the Formatter Valid-Command-Oetect logic. 
If the command is acceptable, a Valid clock is generated to enable the com= 
mand to be loaded into the command register. If the command is not Valid, 
a "Reject" pulse Is returned to the eoR^uter adapter- Each Valid clock !ni« 
tiates a System Reset (SRS) pulse, which is. In turn, used to reset the 
Formatter to initial conditions. 

3.2.2 Computer Adapter Interface Control 

The Valid clock also sets the Control ler»Busy flip-flop. The 
Controller-Busy flip-flop normally is used by the computer adapter to sig- 
nal termination of all commands* The State Counter and Control logic 
resets the Controller-Busy flip-flop after all tape motion has ceased for 
the commanded function. If "on-the-f ly" writing or reading is desired, 
the Data Busy signal termination must be used by the computer to check 
status, then initiate the next command. 

3.2.3 Tape-Unit Control 

The Tape-Unit Control logic develops the Forward, Reverse, Rewind 
and Offline commands to the selected tape transport unit under control of 
the command register and the Mode Control. 

S.Z.'f Formatter Select 

The Formatter-Select logic allows a Formatter to be assigned the 
number "zero", or "one", so that two Formatters can be " Daisy- Chain"-con- 
nected to one computer adapter to control up to eight transports or a 
mixture of NRZI and 1600 CPI Phase Encoded Transports. 
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3.2.5 Tape Unit Select 



The Tape-Uni t-Select switches allow the operator to assign 
numbers 0, 1, 2 or 3 to any of the four tape units. This allows tape 
units to be switched without requiring changes to the computer program. 
Indicator lamps give visual indication of which tape unit is selected. 

3.2.6 State Counter and Main Control 

The State Counter breaks the major operations (such as 
Write and Read) into successive "sub-states" that are sequentially 
stepped through to perform the operation. These states are: 



State Count 


Function 


0 


Rest 


1 


P rede lay (not BOT and not 3- inch gap) 


\ 


Predelay (BOT or 3- inch gap) 




Write or Read execution 


k 


Postdelay 


5 


Forward Hotion Halt time out 


6 


Reverse Motion Halt time out 


7 


Rewind or Clear execution 



The "delay" and "time out" states all use the Delay Counter 
to determine when the state count should terminate and the next state 
count be entered. These Delay-Count times vary, depending upon factors 
such as: 

1 • Tape speed 

2. Single or dual-stack head 

3. Edit or normal mode 

4. Reverse or Forward motion 
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The pre- and post-delays are used to erase the inter-Record 
Gaps (IRG) and to halt the head in the correct position In the IRG when 
reading. 

State 0 (the "rest" state) is the state the Formatter enters 
after completing an operation. 

In State 1 (Predelay) the Formatter waits for the tape unit to 
get up to speed and erases part of the IRG when writing. State I Is used 
for predelay when not starting from 60T or not erasing a 3- inch gap. 

State 2 (Predelay) Is similar to State 1» except a longer delay 
accommodates the Erase-3- Inch-Gap Command as well as the automatic erasing 
of the 3- inch gap at BOT. 

In State 3 (Write or Read Execution), the record is written or 
read. When reading. State 3 is terminated when no more read strobes 
occur, indicating that the IRG has been reached. 

IRG detection is also used to terminate State 3 for write oper- 
ations when using dual-stack, read-af ter-wrl te tape unit (so that the 
written record can be checked for correct parity). For single-stack 
writes. State 3 is terminated as soon as the postamble is written at the 
end of the record. 

State k (Postdelay) is used to halt the head in the correct 
position in the IRG when reading. When writing. State k postdelay erases 
a portion of the IRG. 

State 5 (Forward Motion Halt Time Out) retains memory of the 
forward direction of motion during the time that elapses between the 
issuance of the Stop Command and the actual stopping of the machine. 
This delays termination of the CBUSY signal until the tape unit has com- 
pletely halted in the IRG. 



3-6 



The OBUSY status terminates when State 5 is entered, so that 
successive "Writes" or successive "Reads" may be executed, "on-the-fly" 
without stopping In the !RG*s, 



State 6 (Reverse Motion Halt Time Out) is similar to State 5 
except for reverse motion commands. When performing, "on-the-fly" oper- 
ations, successive commands issued after OBUSY terminates, but before 
CBUSY terminates, must be of the same type. A Read cannot follow a Write 
and a Forward Motion command cannot follow a Reverse Motion command (or 
vice versa). There is, of course, no such restriction if the commands 
are not issued until after C8USY terminates. 

State 7 (Rewind or Clear) is entered upon issuance of a Rewind 
or Clear command by the computer. The State is terminated when the tape 
unit finishes rewinding. 

3.2.7 Mode Control Logic 

The Mode Control logic drives the Tape Unit Control to provide 
Threshold control and Edit mode as well as Multiple Record Spacing control. 

3.2.8 Status Register 

The Status Register stores both the tape unit status and the 
Formatter status so that the computer can Inspect the results of an oper- 
ation to find out whether the operation was completed correctly or some 
other action needs to be taken. The register is reset by the POR pulse 
when a valid command is initiated. The status of the selected tape unit 
and the Formatter are available for access by the computer at any time. 
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3.2.9 Read Activity Sense 



The Read Activity Sense logic is used to signal activity of each 
record. The Check-Word- Count (CKWDCNT) pulse occurs when the Postamble is 
detected. The CKWDCNT pulse is deUvered to the Computer Adapter interface, 
where it may be used to create an extra data transfer request to the computer 
for the case where an odd number of characters were read from tape and the 
"Pack" mode of operation is being used. The CKWDCNT pulse is also typically 
used by the Computer Adapter to determine if the expected number of charac- 
ters were read from tape, it creates status bits to inform the computer 
that the record was too long, too short and/or contained an odd number of 
tape characters. 

3.2.10 IBG. File Mark. Phase Mode Identification Burst Detectors 

The File-Mark-Detect logic checks for the file mark from the dead 
track Toglc. The EOF status bit Is developed if a file mark is detected In 
a forward or a backward direction. The Interblock Gap Detector terminates 
the Read control logic If the Halt signal from the Data Transfer logic is 
missing at the end of a record. The IBG signal is also used to advance the 
State Counter to the Postdelay state. The PE 10 detector sets the 1 DENTS 
status bit If the ID burst is detected at SOT. 

3.2.11 Read Control Logic 

The Read Control Logic controls data transfer during State 3 
until the IBG Is detected, at which time the Postdelay (State k) or one of 
the Halt delays (State 5 or 6) is entered. 

When the IBG is detected or the computer generates the Halt signal 
(to indicate it doesn't want any more data), there are no more Data Flag 
signals generated even though there may be more data in the record. 
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The Read Control Logic also controls the Foni^ard and Reverse 
Space operations. These operations are identical to reading forward or 
reverse except the Data Flag is not set for data transfer requests. All 
parity checks are valid for the spacing operations as well as the reading 
operations and for read-af ter-wr! te operations, when a dual=»3tack head Is 
employed on the selected tape unit. 

Special read modes may also be used: 

1. Read threshold high 

2. Read threshold extra low 

The Read Threshold High mode may be used with a single-stack 
read/write tape-unit to enable a marginal parity check to be performed 
on each record immediately after it is written. This is accomplished by 
back-spacing over the record and spacing or reading forward over the record 
In the Read Threshold High mode, then checking for parity error status. 
This marginal -check function Is automatically performed by dual-stack read- 
after-wrlte tape units, since they automatically select the high threshold 
when In the write mode so that the read-af ter-wrl te parity checks may be 
performed while writing. 

The Read Threshold Extra Low mode allows tape units equipped 
with this option to recover low amplitude signals on poor quality tapes. 

3*2.12 Two-Track Monitor and Track Switch 

This logic takes bit transitions from a single "Master" track to 
control the Phase- lock- loop oscillator, which generates the l6-times-the- 
bit-rate "Window Clock". 

If the selected track should have a drop-out, the logic will 
switch to the alternate track. Tracks 2 and 6 are used. 
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3.2.13 Window Clock Generator 



The Window Clock Generator Is a phase- locked- loop variable- 
frequency oscillator capable of tracking data-rate variations of up to 
±10% of nominal. The Window Clock is 16 times the bit-rate to allow the 
Bit Sync and Decoder logic to divide each bit-period into 16 periods. 
Thus, a ^'window" can be generated ±25% around the nominal bit-transition 
time. This allows the optimum window to be generated to mask out any 
"phase" transitions in the middle of the bit period. « 

3.2.14 Reverse-Mode inverters 

The reverse-mode inverters invert the data signals in the 
Reverse operations so that the postamble can be interpreted as a preamble 
in the reverse direction. There is one circuit per track, for a total of 
9 circuits. 

3.2.15 Bit Sync and Decoders 

These consist of nine circuits (one per track) and they synchro- 
nize to the bi t-transftions (Ignoring phase transitions) and decode the 
data signals to develop logic levels for ones and zeroes. The Bit-Sync 
logic synchronizes on the 'tO zeroes In the preamble, using a "window counter" 
per track, it then operates on the bit-transitions throughout the record, 
while masking out the phase transitions with the window counters. 

The decoders also signal the dead track detectors If the 25% 
maximum limit of the window Is reached. 

3.2.16 De-Skew Buffers and Read- in Counters (RiC) 

The De-Skew Buffers and RIC's are duplicated for each track and 
provide four bits of deskewing. The RlC*s keep track of each bit placement 
In the deskew buffers and control the Buffer-Full (BFULL) signal to indicate 
when a new character has been deskewed and assembled. 
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The RIC's begin operating after the "all -ones" pattern at the 
end of the preamble has been detected, hence they "strip off" the preamble, 

s 

The RIC's also indicate a skew error (if there are more than four 
bits of skew between any two tracks) by generating the buffer overflow (SOv) 
signal. The outputs of the four-bit deskew buffers are multiplexed to a 
single line per track by the RiC's. Each track accompUshes the deskewing 
by always offering the oldest bit in each buffer to the Error Correction 
logic. 

The "Dead Track" register controls the RIC multiplexer such that 
the RIC is disabled from the Preamble Detection, Postamble Detection, Buffer 
Full and Suffer Overflow logic. Therefore, the Formatter can continue oper- 
ation normally (and correct data) if only a single track is "dead". 

3.2.17 Postamble Detector 

The Postamble Detector detects the occurrence of an "all-ones" 
pattern in the first stage of the Dual-Read Storage Registers and the next 
character (on the multiplexed output bus of the deskew buffers) containing 
all zeroes. The Postamble Detection logic disables the Buffer Transfer 
clock and the Data Flag signal to "strip off" the postamble. 

3.2.18 Odd Parttv Check 

The Parity Check logic monitors the RlC-mul tiplexed bus from the 
deskew buffers and provides the error signal to the Correction logic so 
that, for a single dead track and a parity error, the data for the affected 
track can be inverted to provide correction. 

The Corrected Error (CER) signal is supplied to the Status Regis- 
ter for this condition. 
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3.2.19 



Error Correction Logic 



The Error Correction logic inverts the data in the dead track 
when a parity error and a single track Is deadl 

3.2.20 Track Drop-Out Detect and Dead Track Register 

This logic is duplicated for each track and operates with the 
"window" counters such that a bit is said to have been "dropped" if the 
Window Counter reaches 25% greater than the nominal bit period. 

The Dead Track register stores this information for status and 
to develop the "Single Dead Track" and "Multiple Dead Track" signals. 

3.2.21 Read Suffer Storage Registers 

The Read Buffer storage consists of two stages of character 
storage to allow the postamble to be "stripped" from the dat^. Two 
stages are needed because the postamble detection doesn't operate until 
the second character (the all-zeroes following the all-ones character) 
Is detected. Hence, the decision on whether to set the data flag must 
be delayed by an extra character time. 

3.2.22 Wri te Storaqe-Regl sters 

The Write Storage- Reg I sters are provided so that no register 
!s needed on the Computer Adapter to store output data from the computer. 
The Data Transfer logic operates on a request/ response basis via the Data 
Flag and Write/Read Acknowledge (W/R ACK) signals such that each character 
Is requested a full write-clock period before it is needed and the computer 
can respond any time within this period with a W/R ACK strobe pulse to load 
the Write Data Into the first stage of the Write Storage Registers. The 
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second stage is then loaded from the first stage at the bit time, me 
Phase Encoders then utilize the second-stage bits to control inversion 
or non- inversion of the clock frequency square wave to encode the data 
into the phase encoded format. 

3.2.23 Parity Generator 

The Parity Generator creates odd parity for each character pre- 
sented from the first stage of the Write Storage Register and sends the 
parity bit to the second stage. 

3.2.24 Phase Encoders 

The Phase Encoders convert the logic levels from the second 
stage of the Write Storage Register to phase encoded format by inverting 
the square wave clock signal for logic "ones" and passing the clock for 
logic "zeroes". 

3»2.25 File Mark Generator 

The File Mark Generator generates the file mark format (AO "zero" 
bits) in tracks 0, 2, 5» 6, 7> P with tracks 1, 3» and k erased. This is 
the IBM format file mark, but is compatible with the ANSI specifications 
which are: 32 to 128 zeroes in tracks 2, 6 and 7 with anything in tracks 
0, 5 and P while tracks 1, 2 and k are erased. 

3.2.26 Preamble Generator 

The Preamble Generator inserts 'lO zeroes followed by an "all-ones" 
character before each data record. 
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3.2.27 Postamble Generator 



The Postamble Generator inserts an ''all-ones'* character followed 
by kO zeroes after each data record. 

3.2.28 Auto Write ID Burst at BOT 

This logic writes alternating "ones" and "zeroes" In the parity 
track while erasing all other tracks in the BOT tab area when initiating 
a write or write file mark from BOT. 

3.2.29 Erase 3" Gap 

This logic causes a 3-'inch section of tape to be erased. 

3.2.30 Write Control Logic 

The Write Control Logic operates during State 3 for Write, Erase, 
and Write File Mark operations. The Write Control Logic controls the pre- 
amble generation then controls the Data Transfer Logic for write operations 
by developing the Set Data Flag pulse to request each character to be writ- 
ten until the Write operation is terminated by the Halt signal from the 
Ccmputer Adapter. 

Upon receiving the Halt signal, the postamble is automatically 
appended to the record and part of the tRG is then erased. If a single 
stack (read/write) tape unit is selected, the Write Control Logic triggers 
the State Counter to the State k postdelay when it finishes writing the 
postamble at the end of the record. If a dual-stack (read-after-wri te) 
tape unit is selected, the Inter-Record Gap Detect logic is used to exit 
State 3 to State k Post Delay In order to allow all of the record to be 
Read-Af ter-Wrl te parity-checked. 
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3.2.31 Write Clock Generator 



The Write Clock Is developed from the Crystal Oscillators and 
Tape-Speed Select logic. The clock is at twice the bit-rate and operates 
for the iO bursty the Write File Mark and the Write One Record operations. 

3.2.32 Crystal Oscillator and Tape-Speed Select 

The Crystal Oscillator provides a stable, precision clock fre- 
quency for 1600 hi ts-"per-inch packing density. The Tape-Speed Select 
logic divides down the crystal oscillator to the appropriate frequency 
and selects the Write clock frequency dependent upon tape speed and pack- 
ing density. One crystal covers the standard tape speeds from 12.5 to 
112.5 Ips. 

The Speed Clock signal is used by the Delay Counter to provide 
all the precise time delays for the Formatter. The Bit Counter provides 
a count of bits to control the ^1-bi t-length preamble and postamble as 
well as the ^-bit- length file mark. 

3.2.33 Data Transfer Control 

The Data Transfer Control operates In conjunction with the Read 
or Write Control logic depending upon whether a Read or Write operation 
is active. 

The Read or Write Control logic generates the Set Data Flag 
pulse to signal that Read data Is ready for input or to request a Write 
Data character. The Computer Adapter returns the W/R ACK signal, which 
clears the Data Flag and Is used to strobe the Write data into the Write 
Storage Register for write operations. When the Computer Adapter desires 
tfo halt data transfer, it generates the HALT signal and the Data Flag sig- 
nal Is disabled. 
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The WRMSB signal is generated to allow the computer adapter to 
"unpack" a computer word into two tape characters. 



3.2.3^ 



Delay Counter 



The Delay Counter is a fUp-flop divider-chain that counts the 



Speed Clock pulses to provide precise time intervals for Pre- and Post- 
delays as well as Halt delays. The time interval is defined by the 
interval between the time the counter is allowed to start counting (from 
a reset condition) and the time that the STOP signal is generated by a 
set of gates that decode various counts from the Delay Counter. The gate 
selected for a particular time Interval is dependent on which state the 
Formatter is in as well as on the configuration of the Formatter and the 
selected tape unit (provided by the STATUS signals to the Delay Counter). 

3-2.35 Reset Logic 



The Reset Logic generates a System Reset (POR) pulse when a 



valid command is initiated. This resets the Formatter to initial con- 
ditions and clears the status register. The POR pulse is also generated 
to clear the Formatter when the power is turned on or when the computer 
adapter generates an External Reset pulse. 



Basic Comnands provided by the Formatter are: 



1. 


Read (one record) 


2. 


Write (one record) 


3. 


Space 


k. 


Write File Hark 


5. 


Erase 3- inch gap 


6. 


Rewind 


7. 


Offline 


8. 


Clear 



3.3 



FORMATTER COMMANDS 



3.3.4 



Basic Commands 



3*3*K1 Read and Space 

The Read and Space operations can be in the forward or reverse 
direction in one of three possible modes (Normal, Read Threshold High or 
Read Threshold Low). In addition, a Read Forward may be performed In a 
"Test Read" mode in which the CRC and LRC characters are input to allow 
diagnostic programs to check the CRC and LRC generator circuits. The 
Read Threshold High mode is used with slngle-stacic-head (read/write) tape- 
units to allow marginal checking of each record Immediately after it Is 
written. This is accomplished by backspacing over the record and reading, 
or spacing forward In the Read Threshold High mode and checking for no 
parity errors. The Read Threshold Low mode provides the ability to recover 
low amplitude data from poor quality tapes (if the tape unit Is equipped 
with this option. 

The space operations can be a single or multiple record under 
control of the STOP SPACE Computer Adapter signal. In addition, the back- 
space operation can be conducted In the EDIT mode to position the write 
head correctly In the IRG preceeding a record that is to be replaced with 
an equal length but updated record. BOT will halt backspacing automati- 
cal 1y. 

3.3*K2 Wrlte^ Erase 3- Inch Gap and Write File Mark 

Tfie Erase 3~lnch Gap comnand can be performed by Itself or com- 
bined with the Write or Write File Mark commands to cause a three-Inch gap 
to be erased prior to writing the record or file mark, A Write command 
can be performed in the EDIT mode (If the record to be replaced has first 
been backspaced over in the EDIT mode to position the head correctly) to 
replace one record with an updated record of equal length. 
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3.3.1.3 Rewind and Offline 



The Rewind command causes the selected tape unit to rewind to 
Load Point (Beginning of Tape). The Formatter can optionally go "Busy" 
until the rewind is terminated (to provide a means of interrupting the 
computer upon termination of the operation) or not* 

The Offline command never sets the Formatter to the "Busy" 
state and may be sent to a selected tape unit even if the tape unit is 
"Not Ready" because it is performing a rewind operation. 

3.3.1.^ Clear 

The Clear command can be used to clear the status register and 
set the Formatter to initial conditions, even if the Formatter is "Busy". 
After the Clear command is generated, the Formatter will return to the 
"Not Busy" status. 

3.3.2 Command and Mode Combinations 

The commands executable by the Formatter depend on the "mode" 
lines and are listed in Table 3-1. 

The Command signals are strobed into a command storage register 
in the Formatter by the Command Clock (STROBEC) , hence can be changed 
immediately after the termination of the STR06EC pulse. The NODE lines 
must be held static througixsut each operation, since no storage is pro- 
vided in the Formatter. 



Table B-K Comnand and Hode Combinations 



FORMATTER 
OPERATION 



1 » Test Read Forward 



2. Read Forward 

3. Read Reverse 



REV 



"SET XXX" COMMAND SIGNALS 



WCC 



WFM 



GAP 



FSR 



RCC 



CLR 



REW 



OFL 



THRl 



"MODE" SIGNALS 



THR2 



EDIT 



TRD 



k » Write I Record (normal) 
5. Write 1 Record (Edit) 



6» Space Forward I record 



7, Space Forward "n" records 



8, Space Reverse 1 record 



10. 



Space Reverse "n" records 



space Reverse (Edit mode) 



n. Write File Mark 



12. Erase 3 Inch Gap 



13. Erase 3" then Write File Mark 



Erase 3" then Write I record 



Rewind 



Offline 



17 . Initiate Rewind t hen Offline 

18. Clear 



SEE NEXT PAGE FOR NOTES I - 



NOTE 1 The THRI mode {Read Threshold High) has no effect 

except when reading with single-stack-head (read/write) 
tape units equipped with this feature. THRI allows 
for a iTtarglnai checking of written records by back- 
spacing, then marginal checking during a Read or Space 
Forward operation. 

NOTE 2 The THR2 mode (Read Threshold Low) has no effect unless 
the selected tape unit is equipped with this feature. 
THR2 allows recovery of low-amplitude data from poor 
qual i ty tapes. 

NOTE 3 The STOP SPACE signal is used only for continuous 

spacing over multiple records. The DBY signal can be 
used by the Computer Adapter to count records to deter- 
mine when the required number of records has been tra- 
versed. 

NOTE 4 The Edit mode can be used to rewrite a file mark if 
the file mark is first backspaced over in the Edit 
mode. 

3.4 STATE FLOW 

Figure 3-2 illustrates, in simplified form, the State Counts 
through which the Formatter sequences. Figure 3-3 Illustrates the State 
Flow In detai 1 . 
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3.^.1 Simplified State Flow (See Figure 3-2) 



The Formatter Is fn the "Rest*' State G at initial conditions. 
The Strobe C command clock is rejected if the command is not a "valid" 
one. If CBUSY Is not set by a valid command, then the command must be: 

1. Offline 

2. Rewind (with no interrupt) 

In this event, the command is executed, but the Formatter remains in 
State 0. 

If CBUSY is set, then a Rewind or Clear command causes the 
Formatter to enter State 7 until the rewinding status signal is false. 
At this time CBUSY is cleared and State 0 is re-entered. For a Clear 
command (since the rewind status bit never is true), CBUSY is cleared 
a-fiinost immediately. 

Any other command causes one of the two Predelay states to be 
entered. State 1 Is normally used, but State 2 is used when the For» 
matter is at BOT or a 3~inch Gap Command is executed. The appropriate 
motion signal (SFC for forward motion, SRC for reverse motion) is acti- 
vated at this time. 

The predelays are used to erase a 3-inch gap or part of the 
IRG when writing and to allow sufficient time for the tape unit to gat 
up to speed. 

The State 3 data transfer then takes place. For writing, the 
data is written until the HALT signal from the Computer Adapter termin- 
ates the record. For "Erase", no data transfer Is needed, so State 3 
is terminated immediately and State k Is entered. For "Write File Mark" 
no data transfer actually occurs, but the Formatter writes the file mark 
and the LRC character and then enters State 
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*SPECIAL 
EXIT FROM 
STATE 5 
OR 6 




STATE 1 
(NORHAL 
PREOELAY) 



STATE 2 
(BOT OR- 3" GAP 
PREDELAY) 



I 



STATE 3 

(DATA TRANSFER) 



I L 



SFC OR SRC 
"MOTION" 
SIGNAL 
ACTIVE 
TO TAPE 
UNIT 



DBY SET 



STATE k 
(POSTOELAY) 



r 



★STATE 5 
(FORWARD 

HALTDELAY) 



i 



★STATE 6 
(REVERSE 

HALTDELAY) 



J 



Figure 3-2. Simplified State Flow 
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For dual -gap (read-after-wr! te) tape units, the transition from 
State 3 to State k is delayed until the read-head detects the end of the 
record (the beginning of the iRG). This allows the full record to be 
checked for parity errors. State k Postdelay (in conjunction with the 
•2-inch distance the tape moves after the motion command terminates) is 
used to erase the first part of the IRG. 

For Reading or Spacing operation. State 3 is maintained until 
the end of the record and the IRG is reached. For reading, the Computer 
Adapter HALT signal terminates actual data exchange. For reading or 
spacing, the State k Postdelay (in conjunction with the fixed .2-tnch 
distance the tape moves when halting after the motion command terminates) 
Is used to position the head In the correct position in the IRG to allow 
for a subsequent Write or Read operation. 

Note that the Data Busy (DBY) signal Is active only during 
States 3 and 4, while the "motion" signals to the tape unit are active 
from the beginning of the Predeiay State through the Postdelay State. 

After the Postdelay occurs, one of the forward/ reverse Halt 
Delay (State 5 or 6) is entered to insure that the tape Is allowed 
sufficient time to come to a halt In the IRG. 

At the termination of the Halt Delay signal, CBUSY Is cleared 
(to signal the computer that the next command can now be executed) and 
the Rest State 0 Is entered. 

The "Special Exit" from State 5 or 6 allows continuous writing 
or reading without stopping In the Inter-record gap to optimize data 
transfer efficiency. 
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Since the Start/Stop characteristics of the tape units are 
ramp- like, the gap- traverse time is twice as long (as it would be at 
full speed) when the next command is delayed until the tape has com- 
pletely halted. 

This "Special Exit" allows a write or read command to termi- 
nate the Halt Delay State and initiate the Predelay State without get- 
ting "rejected" even though the C6USY signal is active. 

In any other State, with CBUSY active, a command (other than 
clear) is rejected. 

The computer can accomplish "on-the-fly" writing or reading 
by initiating the next command when DBY terminates at the end of State 4, 
rather than waiting until DSUSY tenninates. However, there are certain 
restrictions on this type of operation: 

1. The next command must not switch from a Write or Write 
File Mark to a Space or Read (or vice versa). 

2. The next ccMimand must not be a Rewind or Of f 1 ine if 
the previous command was a Write, or Write File Mark 
type. 

It is the computer program's responsibility to make sure these 
restrictions are followed. 

The Delay Counter is used in States 1 , 2, 4, 5 and 6 to gen- 
erate the prescribed delay times. 

3.4.2 Detailed State Flow (See Figure 3-3) 

The Detailed State Flow chart shows the control over signals 
DBY, CBUSY and the motion commands SFC and SRC, as well as the use of 
the Delay Counter, in all other respects, the flow chart is similar 
to Figure 3-2. 
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(REST) 
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Figure 3-3. Oetafied State Flow 
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In addition, the !RG detection exit from State 3 is detailed as 
is the detour around State k Postdelay (to achieve minimum Postdelay in 
certain cases « 

3.5 COMMAND EXECUTION AND TIMING 

The main connands are discussed step-by-step and an Illustrative 
timing Diagram is included for each command. 

The main commands are: 



1. 


Clear 


2. 


Rewind (with interrupt) 


3. 


Write File Mark (7 track) 


4. 


Write File Mark (9 track) 


5. 


Forward Space 1 Record 


6. 


Back Space 1 Record 


7. 


Write 1 Record (7 track) 


8. 


Write 1 Record (9 track) 


9. 


Read 1 Record (7 track) 


10. 


Read 1 Record (9 track) 


n. 


Erase 3- inch Gap 



3.5.1 Clear 

The Clear function will terminate any motion command and reset 
the Formatter to initial conditions. CBUSY will set and then reset after 
the Clear command Is complete to signify that the Formatter is ready for 
the next command. 
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STROBE C rU 

VLD Tl. 

POR TL 

C BUSY* , 



Figure 3.^. "Clear" Timing Diagram 



The Clear command is included mainly to allow diagnostic programs 
control over a faulty Fonnatter that doesn't halt the tape unit. This com- 
mand must not be used to halt any Write or Read operation, since the head 
will not be halted at the correct point in the IRQ and the CRC/LRC charac° 
ters won't be written or read. 

The System Reset 7-POR* pulse resets the Status register. 
3.5.2 Rewind (With Interrupt) 

The offline command doesn't set CBUSY and neither does the Rewind 
command if the Rewind interrupt (see option 3.3.7) is jumpered out. In 
this event, the commands are passed on to the selected tape unit as a pulse. 



If the rewind interrupt Is not Jumpered, CBUSY is set for a 
rewind ccunmand and resets when the rewind command is completed to signal 
the computer that the next command can be accepted by the tape unit. 

Figure 3.5 illustrates the timing. 

When the computer adapter generates the9-STR0BEC pulse while 
S-SETREW is high and the Fonnatter isn't busy, the command is accepted and 
the S.-VLD pulse Is generated. 

The7'l^£W flip-flop is set to store the rewind command. When 
the9-STR0B£C clock pulse terminates, the rewind command Is generated to 
the selected tape unit (signal 7 -RWC) . When the tape unit responds that 
It Is rewinding (slgnal lOREWINOlNG) , the7-REW flip-flop Is reset and 
the Formatter 10-RWDG status bit Is set. The tape unit goes "not ready" 
lO-RDY) during a rewind. Since the tape-unit rewind terminates before 
the tape unit returns to load point and becomes "Ready" again, the 6-RWDG 
status bit Is Interlocked to wait until the tape unit goes ready lORDY) . 
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The 7-POR (System Reset) pulse clears the status register. 



At this time 7-GBUSY* resets to signal that the operation is 

complete. 

3.5.3 Write File Hark 

When signal 9- SET WFM is high during the 9-STROBEC clock pulse, 
the 7-WFM command register flip-flop is set to initiate a Write-File-Mark 
command. The 7-P0R*pulse is also generated to reset the Fonnatter to 
initial conditions. The 7-CBUSY flip-flop is set by the 6-VLD clock, and 
the 7-SFC command is activated to start the tape moving in the forward 
direction. Command register flip-flop 7-WFM also sets the selected tape 
transport unit to the write mode via signal 7-SWS. 

The Predelay signal delays writing of the file mark until the 
tape transport unit is up-to-speed and has generated a portion of the 
required inter-record gap. If the tape transport unit is at the begin- 
ning of tape (BOT) when the Write-File-Mark instruction is generated, the 
Predelay is longer to cause a 3- inch gap to be erased before the file mark 
is written. The Submode One (8-SMl) flip-flop is set upon the termination 
of the Predelay signal. The Gate-Write data strobe flip-flop (S-GWOS) is 
set to generate 80 write-strobes at twice the bit rate. Forty "zero" 
characters are written in tracks P, 0, 2, 5> 6, 7> while tracks 1, 3 and k 
are erased. Flip-flop 8-SH1 then resets and the Postdelay sequence is 
entered. 

For a single-gap tape unit, the Postdelay is entered upon com- 
pletion of writing the file mark. For a dual-gap tape unit, the delay 
counter is controlled by the interblock gap pulses to initiate the Post- 
delay after the file mark has passed the read head. 
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9-SETWFM — ' 

9-STR0BE£* ^ 

6-VLD ^ 

7 -POR* ^ 



4 "DELAY COUNTER 
TIME OUT 

9-RCAS 

(4-STOP) 

FILE MARK__F.F, 
(3-FM) 



7-CBUSY* 1 

5 - DBY — L ' r - 

7-SFC 1 : , : r 

PREOEUY (I .S1,S2) ^ ^ ~ — — 

POSTDEUY (1 -Sli) — ■ L. 

HALTDELAY (I -S5) ; 

SUBMODEl (8-SMl) ^ ' — 



^''^'^e-wDsf^^ — rrmnTrmTTiTrrrnTrrnnrn 

ISG PULSES(17-.|BGP) — ' — • — — uiiuinimniiiimi 



I 

VaI 



Figure 3.6, Write File Mark Timing Diagram 



The Delay Counter is reset by each !BG pulse, and then times out 
a delay Interval after the last pulse. Thus, the Delay Counter performs 
the task of i RG detection. Upon termination of the Delay Counter time out, 
the 4-STOP pulse is generated. The 4- STOP pulse is also used to trigger 
the State h rOst^Delay circuits (I »S4) . When the Post-Delay terminates, 
the 7-SFC signal is terminated, and the State 5 Halt-Delay is entered. 
The Halt-Delay guarantees that the tape transport unit has ceased all motion 
in the inter-record gap. If the next command is to be a Write-type command, 
then the IRG can be erased at full tape-speed (without stopping in the IRG) 
by issuing the command after the signal 5-OBY terminates, rather than wait- 
ing until 7-CBUSY terminates. Status is valid after the 5-DBY signal ter- 
minates, hence the status can be checked before issuance of the next command. 

3,5.4 Forward Space One Record 

When term 9-SET FSR is high with the 9-STROBEC, the 7-SFC signal 
is activated to move tape forward. The 6-VLD and 7-POR pulses are gener- 
ated to reset the Formatter and initiate the space- forward operation. 

NOTE The Space Forward command results In spacing over ONE 

record if signal 9-STOP SPACE is "open circuit" or at 
the High level. If multiple records are to be spaced 
over, 5-STOP SPACE must be held low until the leading 
edge of signal 9-RCAS occurs for the last record. The 
signal 9-RCAS may be used to count records to deter- 
mine when the last record to be spaced over is reached, 
but the leading edge should be used to provide control 
over signal STOP SPACE. The 3-FM status signal and 
6-EOTS status signal may also be used to switch STOP 
SPACE "high" so that a file mark or the end-of-tape 
will halt the rau I tiple-record- spacing operation. 



Note that 7-CBUSY remains low (for multiple spacing 
operations) until the final record has been passed. 
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9 - STROBEC 



7- SFC i . 

6 - VLD ■-^'^ 1 



7 - poR* TL. 

Predelay ( 1-Sl) T 

Postdelay ( 1-S4) ■ 
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Read Clock Activity Sense raiicFciTar" 

(9-RCAS) pg^rtty _ 
Delay Counter Time Out J 



(4-Stop) : 1~ 



w 7-CBUSf J 

5-DB? y £- 



Figure 3,7 Forward Space One Record Timing Diagram 



The Predelay allows the tape unit to get up to speed before 
allowing Read data to be accepted. The Read Clock Activity Sensor (9-RCAS) 
enables parity checks to be made while spacing. When the record is past, 
the Delay Counter times out to detect the IRG. After the Signal 5-OBY 
terminates, status can be checked and the next command can be issued (if 
a Read or Space Forward) to accomplish non-stop operation. 

If no new command is issued at this time, the normal Halt Delay 
sequence is entered. 

3.5.5 Backspace One Record 

Backspace is similar to Forward space. 

3.5.6 Wri te-One-Record (See Timing Diagram 3.8) 

The wri te-one- record instruction causes the Formatter and the 
tape transport unit to turn-on the write current, enable the write ampli- 
fiers, get up to speed, generate a portion of the Inter- record gap and 
write the preamble. Then the Formatter requests output data transfers 
from the computer adapter. The requested data-characters are written on 
tape until a I^LT signal is generated by the computer adapter logic. The 
HALT signal causes the Formatter to terminate the record by writing the 
postamble. 

The tape- transport unit Read-Af ter-Wri te head enables parity 
checks to be performed upon the record that has just been written. After 
the parity checks are completed, the tape- transport unit erases a portion 
of the next inter-record gap and is then commanded to halt. After suffi- 
cient time has elapsed to ensure that the tape has completely stopped 
moving, then completion of the Wri te-One-Record operation is signaled when 
75CBUSY terminates. 
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"On- the fly" generation of the iRG without stopping may be accom- 
plished by checking status at the termination of signal S-DBY and issuing 
the next Write, Erase or Write File Mark command immediately. The Write 
mode is set by the command clock (6-VLD) to initiate the Wri te-One- Record 
instruction. The Systeffl Reset pulse (7-POR) is also generated by the valid 
commaiTd clock to reset the tape transport controller to initial conditions. 
The Controller Susy flip-flop (T^CBUSY) is set by the command clock to ini- 
tiate the Wri te-One- Record instruction. The synchronous forward signal 
(7-SFC) is sent to the tape unit to Initiate forward motion. 

After the Predelay (1 r-S1, S2) times out, the Submode 1 flip-flop 
(?-SMl) sets to control writing of the preamble. The Enable Write Data 
Request f 1 ip-f iOp(8-EWDR) then sets to allow the Data Flag flip-flop 
(16-DATA Fl-AG) to begin requesting write-data characters from the computer 
adapter^ The 9-W/R ACK pulse from the coinputer adapter stores the charac- 
ter in the first stage of the Write storage register. At the next bit 
time, the character is shifted into the second stage of the Write storage 
register (to control the phase encoders) and then the Data Flag is set to 
request the next character. This process repeats until the computer adap- 
ter signals the end of the record with the 9-HALT signal, which resets 
8-EWDR. The last character is then written and submode 2 f I ip-f lop(8-SM2) 
Is set to control writing the postamble. 

For a single-gap tape unit, the Post Delay State k (l -S4) is 
entered immediately after the postamble is written. For a dual-gap tape 
unit, the Post Delay Is not entered until the delay counter times out after 
the last lywIBG Pulse indicates that the read liead has passed the end of 
the record (to allow parity-checking). At the end of the Post Delay, the 
Forward Motion signal is terminated (7-SFC) and signal 5-DBY indicates that 
status may be checked and anotfier Write command may be issued to continue 
without stopping in the IRG. 
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If '"on-the-fly" writing is not attempted, the Halt Delay (l -S5) 
times out while the tape is stopping in the IRG and the 7-CBUSY signal ter- 
minates to indicate that the Formatter is ready to accept the next command. 

The timing diagram illustrates a single-gap case in which a two- 
character (O, 1) record is written. The 4l-bit preamble and postamble are 
compressed to illustrate the important wave-fonns. A negative- going tran- 
sition of the Phase Encoded Data signal (^-WOn) in the middle of a bit time 
defines a "zero" bit while a positive going transition defines a "one" bit. 
The Write Data Strobes (8-WDS) are at twice the bit- rate and are delayed 
slightly from the phase-encoded data transitions. 

The phase encoded data wave-forms are generated by inverting the 
Bit-Rate Clock signal (2FCLK) during a bit cell for a "zero" and non-inverti 
for a "one". 



Each data bit stored by the 9-W/R ACK pulse in the first stage 
Write storage buffer (in response to the Data Flag) is transferred to the 
second stage Write storage buffer at the next negative-going transition of 
the Bit Rate Clock (2-FCLK), where it controls the phase-encoding circuit 
for the next bit cell. 

3.5.7 Read One Record (See Timing Diagram 3-9) 

The Read One Record command is initiated when signal 9-SET RCC 
is high and the 9-STR06EC pulse occurs. The Valid Command pulse (6-VLO) 
clocks the 7»RCC fl ip»f lop set in the command register. The system reset 
pulse (7-POR) is generated by the ^-VLD clock to reset the Formatter to 
initial conditions. The Synchronous Forward command (7*SFC) and the 
7-CBUSY signal are activated at this time. After a Predelay (1 SI, 82) 
interval (to allow the tape to get "up to speed"), the State Count Three 
(1 -S3) is set to enable the read logic. 

At 1 -S3 time, the 5-DBY signal is activated. 
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When the master track transition pulses (17-MSTRXC) occur (indi- 
cating the start of the preamble), a counter begins counting to set the 
VFO Lock flip-flop (17-LOCK) at the 32nd bit of the preamble (the transi- 
tions occur at twice the bit rate in the preamble). Until the 1'7-LOCK 

liip— livp aei.3, LUC wiiiuvm uwuiikci a lui ca^ii kiawiv ai c i 99711 vcvi ' ■ wih 

every negative-going transition of the Read data. 

The variable frequency oscillator (VFO) in the phase- locked- loop 
locks onto the bit rate from the "Master" track during the first 32 bits 
of the preamble. When the Formatter switches to the "lock" mode, the 
"window" counters on each track are assumed to be locked onto the "bit" 
transitions of the Read data and are utilized to ignore any "phase" tran- 
sitions. 

This is accomplished by developing a "window" that opens at 75% 
of the bit period and extends up to 125% of the bit period. Any transi- 
tions that occur within these "windows" are assumed to be the "bit" tran- 
sition and are decoded to recover the Read data. They are used to reset 
the window counter for the next bit period. If the window counter extends 
beyond the 125% point without any data transition, a "drop-out" is detected, 
which sets the "Dead Track" flip-flop for the track in which the drop-out 
occurred. 

The window counters operate from the output of the VFO divided 
by two. Since the VFO operates at thirty-two times the bit rate, the 
window counters divide each bit period into 16 increments. Therefore, 
^ increments around the count of 16 is allowed for the "window". 

When the "all ones" character at the end of the preamble is 
sensed in each trawk, the Preamble Detector flip-flop (IS-Flp) sets to 
enable the Data clock (^^-DATACLn) for the particular track. At the 
bit-transition in the middle of the first data bit cell, the Data clock 
shifts the decoded data bit into the first stage of the four-bit skew 
buffer register and clocks the Read-in Counter (^^RCIp) from a count 
of zero to a count of one. 
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When all of the nine Read-in Counters have been advanced frotn 
the "en^ty" count of zero, the Skew Buffer Full (15-BFULL) signal is 
activated. 

MflTC • Tk« ^tmtnn At anfMn te <4f*dbjM 'pMI* A eSnniA mi 1 w 

iw lbs ■ blHiiii^ wiMvji vmtt « d w • «mi ■ iwi wiii^'v ••• «ivr« wi i • j j 

hence assumes that the other Read- In Counters have 
q1 fQ^Ay 3>jy3n^a#j nff 7oi>q such that thiS track is 

the "latest" one. Therefore, 15-BFULL follows this 
track's RCI signal. 

A Data-Out Clock pulse (15-D0C^)is then generated to shift all 
Read- In Counters backward one count and shift the assembled character 
out of the nine skew- buffer registers into the first stage of the two- 
stage read buffer register (this terminates the I5-6FULL signal). 

A read strobe pulse (l6-RS)is generated after the trailing 
edge of the Data Out clock. The trailing edge of the first RS pulse 
sets the data gate flip-flop (l(i-06ATE) to enable the succeeding RS 
pulses to operate the Data Flag flip-flop and to be output to the com- 
puter adapter for strobing the contents of the second stage of the Read 
buffer register. 

The "Read-In Counter - Buffer Full - Data Out Clock - Read 
Strobe" sequence Is repeated for all following characters until the 
postamble is detected by sensing an "all ones" character in the first 
stage of the read buffer and an "all zeroes" character present at the 
outputs of the skew buffers. This disables the Data Out clock to halt 
(he s^qy^f^Qg , 

The leading edge of the second Data Out clock transfers the 
first data character from the first to the second stage of the Read 
buffer such that the data wil 1 be settled by the time the RS pulse is 
generated. 
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The gated Read strobe(l 6. RSTROBE) fs then generated to the 
computer adapter interface for the first data character and the 16-data 
flag is set to request transfer. 



t.ii 4.U ■% Q_u/o Ar^ ntilcTA 

data flag is reset. 

The leading edge of the gated Read strobe can be utilized by 
the computer adapter to toggle a binary flip-flop in the computer adapter 
if "packing" of it is desired to pack more than one tape character into a 
single word for transfer to the computer. 

This insures that the toggled binary will be settled by the time 
that the Data Flag is set, so that the Toggle flip-flop can be gated with 
the Data Flag signal. This "forces" a 9-W/R ACK pulse for those tape 
characters collected by the computer adapter before an actual transfer to 
the computer is initiated. 



The toggle flip-flop can then be checked at pulse 9-CKWDCNT 
time to detect an odd number of characters In the record. This too 
"forces" a data transfer to the computer for the extra "odd" character, 
since Packing logic normally expects an even number of characters and a 
data transfer to the computer normally occurs after every even character. 



There is a built-in delay from the 9-W/R ACK pulse to direct- 
reset of the Data Flag such that this utilization of the Data Flag signal 
to reset i tsel f i s acceptabl e. 



When the actual computer transfer is requested, pulse 9-W/R ACK 
should be derived from the computer acceptance of the transfer, so that a 
data transfer fai lure can be detected by the Formatter. 
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When the last transfer required is requested, the computer adapter 
should generate the 9-HALT signal, which terminates the I^OGATE, hence the 
16*0ATA Flag signals (even If there are more characters In the record). 

When the postamble Is detected, the Preamble Detection flip-flops 
are reset In all tracks to "strip off* the postamble by disabling further 
data clocks e The cheek and count pulse (9-CKWOCNT) Is also generated so 
that, when packing data, the computer adapter can force an extra data trans- 
fer (If there ««ere an odd number of characters In the record) and can deter- 
mine If the record was shorter or longer than expected. 

After the last master track transitions occur, the Delay Counter 
begins timing out, then switches the Formatter to the Post Delay State 
(1 -S4). After the Post Delay times out, the Synchronous Forward command 
(7-SFC) Is terminated, the Halt Delay State (I -S5) Is entered and the 
Data Busy signal (5 -OBY) Is terminated. 

The transport begins "ramping" down to a halt In the Inter- 
record gap. 

When the Halt Delay Interval Is past, the transport is stopped 
In the gap and the 7*-CBUSY signal Is terminated to indicate that the 
Formatter Is ready to accept the next command. 

If another Read operation In the same direction Is to occur, the 
status may be read after signal 5 -DBY terminates and the next Read command 
Issued Immediately to accomplish non-stop operation. This halves the 
amount of time required to traverse the Inter-record gap. 

3»5.8 Erase 3- Inch Gap 

The Erase- 3- Inch-Gap timing is similar to the Wri te-Fi le-Mark 
timing except 1 -S2 generates the Predelay and no writing occurs. 
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3.6 



CONTiNUOUS WRITE OR READ 



Continuous Write allows the IRG to be generated at full rated 

tape speed, if successive write commands are based upon the termination 

of the CBUSY command (as is nGnnal) then ths tape comes to a full stop 
In the IRG. 



Similarly, Continuous Read (or Space) allows the IRG to be 
traversed at full rated tape speed. 

This mode of operation optimizes the usage of the tape units 
by minimizing the amount of "dead time" where- In data transfer cannot 
taice place in the IRG. In order to obtain continuous "on-the-fly" oper- 
ation, the DBY signal may be used (instead of the CBUSY signal) as long 
as the following restrictions are met: 

1. The next command may not switch from a Read to a Write 
mode (or vice versa). 

2. The next command may not switch tape direction. 

3. A Rewind or Offline command may not follow a Write or 
Wri te-FMe-Mark command. 

A Write or Write- File-Hark command can follow a Write or Wrlte- 
File-Hark command as soon as signal DBY terminates, rather than waiting 
until signal 06Y terminates. 

Similarly, a Read or Space Forward command can follow the same 
type command upon termination of OBY. 

A Read or Space Reverse command can follow the same type com- 
mand upon termination of DBY. 
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3.7 OPTIONS 



The following field-changeable options are provided-for in the 

Formatter: 

1. Selection of two different tape speeds, 

2. Definition of which tape units are single-stack (read/write) 
and which ones are dual-stack (read-after-wrf te) . 

3.7.1 Tape Speed 

The tape speed selection option provides control over the "Speed 
Clock" and the "Write. Clock" divider chains that operate from the crystal 
oscillators. There can be two dt f f erent tape speeds selected. The selec- 
tion -Is accomplished by controlling the division modulo of a flip-flop 
divider chain by loading the negative two* s-con^lement of the desired 
(divisor-1) whereupon the counter counts up to zero to recycle. 

Chip position D28 on card assembly number 76I9I is provided as 
a plug-in wire-wrap socket for this purpose. Input Pins 1, 2, 3 and k 
represent the four tape units A, B, C and D respectively. All tape units 
at speed #1 must have their "Input" pins bussed together (call this BUS #1) 
and all tape units at speed #2 must have their input pins bussed together 
(call this BUS #2). 

Bus #1 must then be jumpered to Field #1 pins 5» 6, 7> 8 and 9 
as indicated in Table 3-2 to obtain the desired division ratio. Similarly, 
Bus #2 must be jumpered to Field #2 pins 11, 12, 13, 1^, and 15 as indica- 
ted in Table 3-2 to obtain the second desired division ratio. 
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Table 3-2, Tape Speed Selection 



Col 1 


Col 2 


Col 3 




Col 4 






Tape 


Dtvl ston 


NEC. 2»s 


16 


8 


4 


2 


1 


Speed 


Kat i 0 


Complement 


9 


o 


7 


o 


5 








15 


14 


13 


12 


11 


112.5 


2 


• 1 


0 


1 

1 


1 

1 


1 


1 




•a 


-z 


0 


1 

1 


t 

1 


1 


0 


mm ^ 

56.25 


h 


-3 


0 


1 


1 


0 


1 


1 mm 


5 


-4 


0 


1 


1 


0 


0 


37.5 


6 


-5 


0 


1 


0 


1 


1 


32.14 


7 


-6 


0 


1 


0 


1 


0 


28.125 


8 


-7 


0 


1 


0 


0 


1 


25 


9 


-8 


0 


1 


0 


0 


0 


22.5 


10 


-9 


0 


0 


1 


1 


1 


20. if 5 


11 


-10 


0 


0 


1 


1 


0 


18.75 


12 


-11 


0 


0 


1 


0 


1 


17.3 


13 


-12 


0 


0 


1 


0 


0 


16.07 




-13 


0 


0 


0 


1 


1 


15.0 


15 


-14 


0 


0 


0 


1 


0 


lH.06 


ft A 

16 


-15 


0 


0 


0 


0 


1 


13.23 


17 


-16 


0 


0 


0 


0 


0 


12.5 


18 


-17 


1 


1 


1 


1 


1 


11.84 


19 


-18 


1 




1 


1 


0 


11.25 


20 


-19 


) 


] 


1 


0 


1 


10.7 


21 


-20 


] 




1 


0 


0 


10.22 


22 


-21 


1 




0 


1 


1 


9.7 


23 


-22 


1 




0 


1 


0 


9.38 


Ih 


-23 




} 


n 


0 


1 


9.0 


25 


-24 


] 




0 


0 


0 


8.6 


26 


-25 




0 


1 


1 


1 


8.3 


27 


-26 




0 


1 


1 


0 


8.03 


28 


-27 




0 


1 


0 


1 


7.77 


29 


-28 




0 


1 


0 


0 


7.5 


30 


-29 




0 


0 


1 


1 


7.2 


31 


-30 




0 


0 


1 


0 


7.03 


32 


-31 




0 


0 


0 


1 



•BINARY BIT WT. 
-FIELD #1 PINS (028) 
-FIELD #2 PINS (D28) 



Col 5 

SPDCLK 
FREQ kHz 
(PIN A29-12) 

22.5 



15 



7.5 



Col 6 

WRITE CLOCK 
FREQ kHz 
(PIN E-3V9) 



360 



240 



1M* 



120 



80 



2.5 



40 



NOTES: 

1. In Col 4, pins marked "0" must be jumpered to 
Bus #1 or ^2, pins marked "1" must be jumpered 
to Pin 16 to enable. 

2. Standard tape speeds are underlined. 

3. Jumper pin 10 to Bus representing tape speed 
of 37.5 Ips or faster. 
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EXAMPLE #1 - ALL TAPE UNITS 25 Ips 



EXAMPLE #2 - 



TAPE UNITS A, B ARE 
75 Ips 

TAPE UNITS C, D ARE 
12.5 Ips 



Figure 3-10. Example Tape Speed Selection 



Figure 3-10 Illustrates two examples of jumper wiring of 
socket 028 to achieve the desired tape speeds. 
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All remaining pins in Fields #1 and #3 must be jumpered to pin 16 
to disable them. Note in the table that column 5 gives the frequency of 
the "Speed Clock" utilized by the delay counter for time interval calcul- 
ation. Note also that column 6 gives the write clock frequency for the 
standard tape speeds* 

Fin 10 rnust be jumpered to either (or both) Sus #1 or Bus #2 if 
they represent tape speeds of 37*3 ips or greater. 

3.7.2 Single/Dual Stack Head Selection 

The Formatter is configured so that if no jumpers are used in 
the SS/OS Head Selection Field then Dual Stack ( read-a f ter-wri te) is 
assumed. 

Jumpers must be used only for the tape units A, B, C, or D that 
are single-stack head units. 

The SS/DS Head Selection Field is located on assembly number 
76I9I near chip position B29. B29-9, 11, 12, 14, must/be jumpered 
to points 829^6, 4, 3, or B29-1 for single-stack tape units A, B, C or 
D respectively. 

3^.7»3 Rewind Interrupt 

The Formatter is configured to set CBUSY when the Rewind com- 
mand is issued if no jumper is present between E8 and E9 (near M27) . 
resets when the rewind Is complete to provide a signal to the computer 
to indicate that the next command can be accepted. 

If the jumper is present^ CBUSY will not set for a rewind 
conmand* See Logic 7. 
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The Formatter is configured to always be selected if no jumper 
?s pfaced in the Formatter Address Select area. Thus, if a single For- 

Biatter is utilized, no Junker need be used. 

Table 3,3 Illustrates the jumper connection required for the 
two addresses. The E points are located near row 32 on assembly 76193. 



Table 3.3. Formatter Address Selection (Assy. 76193) 



Formatter 
Address 


Signal 
FAOT 


Jumper 


0 
1 

■ 


High 
Low 


El E3 
E2 E3 



3,8 DELAY TIMES 

There are three main delay times: 

1. Predelay 

2. Postdelay 

3. Halt Delay 

The Pre/Post delays are used to erase portions of the Inter- 
Riecord Gap (when writing) or to erase tape. When reading they are used 
to position the head correctly in the IRG so that the following record 
can be either a read or a write. 
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The Halt delay is also used to erase part of the iRG when 
writing, and provides sufficient tinne to insure that the tape unit is 
completely stopped (after the motion signal is terminated). 

There are many factors that enter into the various deiays: 



1. 


Tape speed 


2. 


Single/ dual -stack head 


3. 


Forward/ reverse motion 


k. 


BOT/BOf 


5. 


Write/ read command 


6. 


EOIT/EdIt mode 



Tables 3-9 through 3-13 give the delay times for a 9-track 
tape unit selected at the standard speeds of 75 > ^5, 37»5t 25, and 
12.5 ips. 
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Table 3-*». NINE TRACK PRE/POST DELAYS (75 Ips) 
I 



Single 
Stack ' 
Head 



vn 
O 



Dual 

Stack 

Head 





PREOEUY 


Time 
Interval 
Milliseconds 


POSTDELAY 


Time 
Interval 
Ml 1 1 1 seconds 




FROM 


TO 


FROM 


TO * 




Signal 


Pin 


Signal 


Pin 


• 














Read forward 


STROBEC(O) 


JlOI-5 


OBY (0) 


JIOl-65 


3 . Do 


S3(l) 


£3 




DBY(r 


1 J 1 0 1 


-65 


1.67 


Read forward (60T) 


LDP(l) 


JlOl-47 


OBY (0) 


JIOI-65 


12.0 


S3(0 


E3 


DBY(r 


1 J 1 0 1 


-65 


1.67 


Read Reverse 


STROBEC(O) 


JIOl-5 


OBY(O) . 


JlOl-65 


3.66 


S3(l) 


E3 


DBY(I 


1 JllOl 




0 


Read Reverse (EDIT) 


STROBEC(O) 


J101-5 


DBY (O) 


JllOl-65 


3.66 


S3(0 


E3 


DBY(r 


1 J 1 0 1 




.33 


Gap or Write (BOT) 




t 1 A 1 ill 


UBY [}}) 


J 1 0 I - 05 


53.6 


53(1) 


ty 


DBY ( 1 


L 1 'I rv 1 

\ J 10 1 


-65 


2.66 


Write 


STROBEC(O) 


J10N5 


0«Y(0) 


JlOl-65 


5.66 


S3(l) 




DBY(I 


) JI01 


-65 


2.66 


r 










ft 














Read forward 


STROBEC(0) 


JI01-5 


OI3Y(0) 


JIOI-65 


3.00 


S3(l) 


E3 


DBY(1 


) JI01 


^65 


0 


Read forward (EOT) 


LDP(l) 


J10l-'+7 


DI3Y(0) 


JIOI-65 


12.0 


S3(1) - 


E3 


DBY(1 


1 JIPI 


-65 


.0 


Read Reverse 


STROBEC(O) 


J101-5 


D6Y(0) 


JIOI-65 


3.66 


S3(l) 


E3 


DBY(1] 


1 J101 


-65 


1.67 


Read Reverse (EDIT) 


STROBEC(O) 


J101-5 


OBY(b) 


JIOI-65 


3.66 


S3(li 


f 3 


DBYCr 


1 J101 


-65 


2.33 


Gap or Write (BOT) 


tOP(l) 


J101-t»7 


DBY(O) 


JIOI-65 


53.6 


S3(l) 


E3 


DBY(1 


1 J101 


-65 


.33 


Write 


STROBEC(O) 


J101-5 


DBY(O) 


JIOI-65 


5.66 


S3(1) 


E3* 


0BY(1 


1 J101 


-65 


.33- 



HALTDELAY 


FROM 


TO 


0BY(1) JIOI-65 


CBUSY(I) JlOI-d'^ 



5.66 



3. (transition) » 0 means from +5V to OV, ■ 1 means from OV to +5V 
2. Write e Write 1 record or write file mark 

NOTES 1. Read *> Read 1 record or space 



Table 3.5. NINE TRACK PRE/POST DELAYS {kS Ips) 
I 



Single 
Stack " 
Head 



I 

U1 



Dual 

Stad 

Head 





PREOELAY 


T 1 mt> 
1 1 IIIU 

Interval 
Mil 1 1 seconds 


POSTOELAY 


Time 
Interval 
Ml 1 1 1 seconds 


FROM 


TO 


FROM 


TO * 


Signal 


Pin 


Signal 


Pin 




S3(l) ^E3 ■ 


DBY(I) JIOI-65 


2.78 




Read forward 


STROBEC(O) 


JIOI-S 


DBY(O) 


JlOl-65 


Read forward (BOT) 


LDP(I) 


JIOI-*f7 


OBY(O) 


JIOI-65 


19.9 


S3(l) ^E3_ 


0BY(1) JIOI-65 


2.78 




Read Reverse 


STROBEC(O) 


JlOl-5 


DBY(O) . 


JlOl-65 


6.08 


S3(0 E3 


DBY(1) JlOl-65 


0 




Read Reverse (EDIT) 


STROBEC(O) 


JIOl-5 


DBY(O) 


JIOI-65 


6^8 


S3(l) E3 


DBY(l) JIOI-65 






Gap or Write (BOT) 


LDP(l) 


JIOI-t»7 


DBY(O) 


JIOI-65 


89.0 


S3(l) . E3 . 


OBYd) JIOI-65 






Write 


STROBEC(O) 


JlOl-5 


DBY(O) 


JIOI-65 




S3(l) E3 . 


DBY(I) JIOI-65 




-J 






Read forward 


STROBEC(O) 


JlOI-5 


OBY(O) 


JIOI-65 


6.08 


S3(l) E3 


OBY(I) JIOI-65 


0 


— 


Read forward (BOT) 


Idp(i) 


JlOI-^t? 


OBY(O) 


JIOI-65 


19.9 


S3(l) E3 


DBY(I) JIOI-65 


0 




Read Reverse 


STROBEC(O) 


JlOl-5 


DBY(O) 


JIOI-65 


6,Q8 


S3(l) E3 


DBY(I) JIOI-65 


2J:8 




Read Reverse (EDIT) 


STROBEC(O) 


JIOl-5 


DBV(O) 


JIOI-65 


6.08 


S3(l) E3 


DBY(l) JIOI-65 


3.8$ 




Gap or Write (BOT) 


LDP(i) 


JIOl-47 


DBY(O) 


JIOI-65 


89tO . 


S3(l) E3 


OBY(I) JIOI-65 






Write 


STROBEC(O) 


J10I-5 


OBY(O) 


JIOI-65 




S3(l) ^3 


OBY(I) JIOI-65 






V 





HALTDELAY 


FROM 


TO 


DBY(1) JIOI-65 


CBUSY(I) JI01-9^ 



NOTES 



3. (transition) » 0 means from +5V to OV, = I means from OV to +5V 
2. Write « Write 1 record or write file mark 

I • Read » Read I record or space 



table 3.6; NINE TRACK PRE/POST DELAYS (37.5 Ips) 
I 



Single 
Stack " 
Head 



I 



Dual 

Stad 

Head 





PREOELAY 


Time 
Interval 
M1 1 1 1 seconds 


POSTDELAY 


Ti me 
Interval 
Mil 1 1 seconds 




FROM 


TO 


FROM 


TO * 




Signal 


Pin 


Signal 


Pin 




*■ 












f 

lAcaU Turwaru 


STROBEC(O) 


JIOl-5 


OBY (0) 


JIOl-65 


7 "K 


S3(I) 


•-J 


DBY(I) 


JlOl 


-6'3 


J • J" 


Read forward (BOT) 


LDP(l) 


JlOl-'f? 


DBY (O) 


JI01-65 


2*f,0 


"* \ • / 


E3 


DBY(I) 


JIOI 


-65 


3.3** 


Read Reverse 


STROBPCfft^ 


U 1 V 1 ^ 


DRY . 




7.3 


*> J \ ' / 


E3 


DRY { \ \ 
IV'' 


1 in 1 


-fit; 


0 


Read Reverse (EDIT) 


STROBEC(O) 


JIOI-5 


DBY(O) 


J101-65 


7.3 


S3(l) ■ 


E^ 


DBY(I) 


JIOI 


-65 


.66 


Gap or Write (BOT) 


LOP(I) 


JlOl-^7 


DBY(O) 


JlOl-65 


107.3 


S3(l) 


E3. ' 


DBY(I) 


JIOI 


-65 


5.3 


Write 


STROBEC(O) 


JlOl-5 


DBY(O) 


JlOI-65 


11.3 


S3(i) 




DBY(I) 


JIOI 


-65 





c 










1 














Read forward 


STROBEC(O) 


JIOI-5 


DBY(O) 


JIOI-65 


7.3 


S3(l) 


E3 


DBY(I) 


JIOI 


-65 


0 


Read forward (BOT) 


LDP(I) 


JIOI-'l? 


DBY(O) 


JIOI-65 


2'fr.O 


S3(l) 


■ h • 


DBY(I) 


JIOI 


-65 


.0 


Read Reverse 


STROBEC(O) 


JIOl-5 


DBY(O) 


JIOI-65 


7.3 


S3(l) 


E3 


DBY(I) 


JIOI 


265 


3JI^«; 


Read Reverse (EDIT) 


STROBEC(O) 


JIOl-5 


DBY(O) 


JIOI-65 


7.3 


S3(l) 


E3 


DBY (I) 


JIOI 


-65 


4.6^4 


Gap or Write (BOT) 


LOP(l) 


JI0i-i*7 


OBY(O) 


JIOI-65 


107.3 


S3(l) 


E3 


DBY(l) 


JIOI 


-65 


.66 


Write 


STROBEC(O) 


JIOI-5 


DBY (0) 


JIOI-65 


H.3 


S3(l) 


E3 


06Y(l) 


JIOI 


-65 


.66 



HALTDELAY 


FROM 


TO 


DBY(I) JlOl-65 


CBUSY(I) JIOl-S'^ 



n.3 



NOTES 



3. (transition) =* 0 means from +5\/ to OV, » I means from OV to +5V 
2. Write ■» Write 1 record or write file mark 

1 . Read » Read 1 record or space 



Table 3.7» NINE TRACK PRE/POST DELAYS (25 Ips) 
I 



Single 
Stack 
Head 



I 

vn 



Dual 



Head 





PREpELAY 


Time 
Interval 
Mil 1 iseconds 


POSTDEUY 


Time 
interval 
M1 1 1 Iseconds 




FROM 


TO 


FROM 


TO * 




Signal 


Pin 


Signal 


Pin 


• 














Read forward 


STROBEC(O) 


JIOl-5 


dby(o) 


JlOl-65 


n 


S3(1) 


E3 


DBYd 


) JKll 


-65 


5 


Read forward (BOT) 


LDP(I) 




DBY(O) 


JlOl-65 


36 


S3(0 


E3 


DBY(1 


) JU)1 


-65 


5 


Read Reverse 


STROBEC(O) 


JlOl-5 


OBY(O) . 


JlOl-65 


n 


S3(0 


E3 


DBYd 


) JIG) 


-65 


0 


Read Reverse (EDIT) 


STROBEC(O) 


JlOI-5 


DBY(O) 


JIOl-65 


n 


S3(1) 


E3 


DBYd 


) JU)1 


-65 


1 


Gap or Write (BOT) 


LDP(l) 


J 101 -^7 


DBY(O) 


JlOl-65 


161 


S3(1) 


E3 


DBYd 


) J10I 


-65 


8 


Write 


STROBEC(O) 


JlOI-5 


OBY(O) 


JlOi-65 


17 


S3(l) 


" 


DBYd 


) JlOl 


-65 


8 


1 


Read forward 


STROBEC(O) 


JlOl-5 


DBY(O) 


J101-65 


11 


S3(1) 


E3 . 


DBY(1 


) JIOl 


-65 


0 


Read forw.Trd (BOT) 


Idp(i) 


J\0]-hl 


DBY(O) 


J101-65 


36 


S3(l) 


E3 


DBYd 


) JI01 


-65 


0 


Read Reverse 


STROBEC(O) 


JlOl-5 


DBY(O) 


JlOl-65 


n 


S3(l) 


EXi . 


DBYd 


) JIOl 


-65 


5 


Read Reverse (EDIT) 


strobec(o) 


JlOl-5 


DBY(O) 


JlOl-65 


\ \ 


S3(0 




DBYd 


) JIOl 


-65 


7 


Gap or Write (BOT) 


LDP(1) 


J101-if7 


DBY(O) 


JlOl-65 


161 


S3(l) 


E3 


DBYd 


) JIOl 


-65 


1 


Write 


strobec(o) 


JlOl-5 


DBY(O) 


JlOl-65 


17 


S3(l) 


E3 , 


DBYd 


) JIOl 


-65 


! • 



HALTDEIJVY 


FROM 


TO 


DBY(l) JlOl-65 


CBUSY(l) JlOI-g't 



17 



3. (transition) » 0 means from -I-5V to 0V« - 1 means from OV to -t-SV 
2. Write « Write 1 record or write file mark 

NOTES 1. Read » Read I record or space 



Table 3.8. NINE TRACK PRE/POST DELAYS (12.5 Ips) 
I 



Single 
Stack S 
Head 



I 



Dual 
Stack ^ 
Head 





PREDELAY 


Time 

Interval 
ni 1 1 1 acconas 


POSTDELAY 


Time 
Interval 




FROM 


TO 


FROM 


TO ' 




Signal 


Pin 


Signal 


Pin 
















Read forward 


STROBEC(O) 


JlOl-5 


DBY(O) 


J101~65 


22 


S3(I) 


E3 . 


DBYd) 


JlOl 


-65 


10 


Read forward (BOT) 


LOP(l) 


J101-if7 


DBY(O) 


jioi-es 


72 


S3(l) 


E3 


DBYd) 


J10I 


-65 


10 


Read Reverse 


STROBEC(O) 


J101-5 


OBY(O) . 


JlOl-65 


?2 


S3(I) 


E3 




JMIOll 


± 


0 


Read Reverse (EDIT) 


STROBEC(O) 


J10N5 


dby(o) 


J)01-65 


22 


S3(I) 


E3 


ob7(i) 


JloT 




2 


Gap or Write (BOT) 


LDP(l) 


J101-it7 


DBY(O) 


JlOl-65 


322 


S3(l) 


E3 


DBY(l) 


JlOl 


-65 


16 


Write 


STROBEC(O) 


JlOl-5 


dby(o) 


JlOI-65 


3** 


S3(l) 


E3 |DBY(i) 


J101 


-65 


16 


• 1 - . 


Read forward 


STROBEC(O) 


JlOl-5 


oby(o) 


JIOl-65 


22 


S3(0 


Jt.3„. 


DBY(I) 


JlOl 


'3. 


0 


Read forward (BOT) 


LDP(l) 


JlOl-'f? 


dby(c) 


JlOl-65 


72 


S3(l) 


E3 


DBY(I) 


JlOl 


-65 


0 


Read Reverse 


STROBEC(O) 


JlOl-5 


dby(o) 


JlOl-65 


22 


S3(l) 


E3 


DBY(l) 


JlOl 


-65 


10 


Read Reverse (EDIT) 


STROBEC(O) 


JIOl-5 


DBY(O) 


JlOl-65 


22 


S3(l) 


E3 


DBY(I) 


JIO) 


-65 


\k 


Gap or Write (BOT) 


LOP(l) 


J101-it7 


DBY(O) 


JlOl-65 


322 


S3(0 ^ 


E3 


DBY(l) 


JlOl 


-65 


2 


Write 


STROBEC(O) 


JlOl-5 


DBY(O) 


JIOl-65 


3^ 


S3(l) 


E3 


DBY(I) 


JlOl 


-65 


2 



HALTDELAY 


FROM 


TO 


OBY(I) JlOl-65 


CBUSY(I) J101-9^ 



3^ 



NOTES 



3. (transition) « 0 means from +5V to OV, « I means from OV to +5V 
2. Write B Write 1 record or write file mark 

1. Read » Read \ record or space 



SECTION !V 
DRAWINGS 

\oy uogic numoer; 



Loq i c 


1 


Sts^e Councer 


Log i c 


2 


Oscillator Board 


Logi c 


2A 


Oscillator Board 


S-QQl C 




Wrl'te Loalc (Write Rea's & Parti v Gen) 


Logi c 


k 


Write Logic (Delay Counter 


Logic 


5 


Write Logic (Write Phase Encoders) 


Logic 


6 


Write Control (Reject, Status, Select) 


Logic 


7 


Write Control (Comnand Reg, Xport Control) (Busy) 


Lnoi r 
— J • — 


8 


Write Control 


Logic 


9 


Write Control (Computer Adapter Interface) 


Logic 


10 


Write Control (Transport Interface) 


Logic 


11 


Read Logic (Read Reg's & Postamble Detect) 


Logic 


12 


Read Logic (Parity Check) 


Logic 


13 


Dead Track Detector 


Logic 


]k 


Voltage Control Oscillator 


Logic 


15 


Read Logic (Skew Buffer Oeadtrack & Window Counter) 
(3 Sheets) 


Logic 


16 


Read Control 


Logic 


17 


Read Control 



Assy : Read Logic 761^*2 

Dead Track Detector 76180 

Read Logic 76181 

Read Control 76182 

Voltage Control Oscillator 76183 

State Counter 76190 

Oscillator Board 76191 



if-1 



DRAWINGS Cont 



Write Logic 76192 

Write Control 76193 (2 sheets) 

Power Supply 9^047 (3 sheets) 

Power Supply 1080000 

Power Supply 1080500 



4-1A 



4'STOP 



7-CBUSy 
^-STOP 

a-eyir 33 




REVISIONS 



S'SXIT 55- 



/o 



r-CBosv 



la — ^ 



STATE COUKJTfe CONTROL 
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J2S 
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1 
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t 
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U. 
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12 


SI 
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WARRANTY 



DATUM, Inc. guarantees this equipment to be free from defects 
in material and wori<manship, for one year from date of delivery. Any 
repairs, or replacements (which alternative chosen by the manufacturer), 
will be carried out at the facilities of DATUM with transportation costs 
charged to the purchaser's account. Should a defect occur in equipment 
which cannot be returned feasibly because of physical size, or should 
the defect be trivial, the purchaser will be expected to perform first 
echelon repairs using materials supplied by DATUM. Subsequent repairs 
within the period of warranty will be negotiated separately. 

If a defect should result from a design error, and both DATUM 
and the purchaser recognize this error as the cause of the defect. DATUM 
will correct the error to meet the specifications under which the equip- 
ment was delivered. 

DATUM retains the right to return the defective equipment to 
the company's facilities for repair siiould this course be deemed neces- 
sary or advisable. 

Equipment, accessories, batteries, and similar items not man- 
ufac'tured by DATUM are subject only to adjustments as can be obtained 
from the original supplier by DATUM. This warranty does not apply to 
any equipment, or portion thereof, which becomes defective through mis- 
use, mishandling, or environmental conditions exceeding specifications, 
after del ivery . 

No other warranties, expressed or implied, shall apply to 
any equipment sold under this warranty, and the foregoing shall con- 
stitute the purchaser's sole rights under the agreed terms of this 
warranty . 

In no circumstances shall DATUM assume liability for loss, 
damage or consequential expense arising directly or indirectly from 
the use of its equipment, separately, or in combination with other 
equipment. 



